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Field for Spheroidal-graphite Iron 


At the Paris International Congress which opened 
last Saturday, something of the order of sixty tech- 
nical papers are being presented and of these no 
fewer than six deal with spheroidal-graphite cast 
iron. They emanate from three countries, America, 
France and Great Britain and their study enables 
one to obtain a clear picture of the progress 
realized and future prospects. Rightly, there is an 
effort to detract interested opinion from the mere 
recital of much-higher-tensile properties and to 
direct attention to many industriql applications. 
Amongst these is the shock-resistance property and 
in this connection there are two papers from the 
Birmingham area—one by Mr. G. N. J. Gilbert of 
the British Cast Iron Research Association and 
another by Mr. A. L. Carr and Dr. W. Steven of 
the Mond Nickel Company’s laboratories. This 
laboratory, through Mr. R. M. Lamb, provides the 
third English paper on this subject and covers the 
influence of copper on spheroidal-graphite cast iron 
containing magnesium, which, put very shortly. 
shows that copper is by no means efficient for 
introducing magnesium into cast iron. The two 
papers on the subject from France are by Dr. M. 
Ballay, prepared in one case in collaboration with 
Mr. J. Grilliat, and in the other together with a 
third author, Mr. R. Chavy. The subject of the 
former covers specifications and tests and the latter 
heat-treatment. The final paper of the half-dozen, 
American in origin, and written by Mr. Donald J. 
Reese, covers the present position and the future 
prospects and carries the subject of the application 
of spheroidal-graphite cast iron somewhat further 
than previous works. He likes the notion of using 


this material for motor-car crankshafts, because the 
finished component only weighs 3 to 4 per cent. 
less than the fettled weight of the casting, whilst 
for a 44-ton shaft (as tooled), a casting though 
of the same dimensions, weighs 800 Ib. less. 
Reese cites the potentialities of this material for 
pipe-lines—when centrifugally cast, the price should 
be satisfactory, and there only remains to be solved 
the problem of welding. This operation, according 
to a personal source of information, is only diffi- 
cult in situ, as claims are made to have satisfactorily 
welded the material experimentally. Should this 
come about, the prospects for S.-g. cast-iron pipe 
are indeed rosy. Next, this author deals with steel- 
works rolls, and here he claims lowered wear; better 
surface finish on the rolled product, associated with 
a higher output thereof. The property of this mate- 
rial found most difficult to control is—according 
to the long experience of Reese—that of hardness. 
Finally, he describes and illustrates an aviation 
component—a ring support—which has replaced 
forged aluminium. 

For making S.-g. cast iron, the founder must be 
as alive to the technique of running and risering as 
are the steel and malleable-iron manufacturers. The 
use of the basic cupola reveals distinct advantages, 
amongst which are the better running properties 
of the metal. The efforts of those interested in 
popularizing this relatively new material and so 
widening the scope of the foundry industry, are 
now being directed towards publicising to the engi- 
neer, not so much its tensile properties, but the 
hundred and one other factors, which go to stress 
its industrial usefulness. 
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Conference Paper Author 


Dr. W. T. PELL-WALPOLE, the Author of the paper 
“ Effect of Pouring Conditions on Shrinkage Unsound- 
ness in Bronze Ingots Cast 
in Metal, Carbon or Sand 
Moulds,” printed the 
adjoining pages, is a Research 
Fellow at the Metallurgy 
Department of Birmingham 
University. He was educated 
at Dudley Grammar School, 
Wednesbury County Techni- 
cal College, and the Univer- 
sity of Birmingham. From 
1936 to 1939, he was a re- 
search investigator at Birm- 
ingham University for the 
Tin Research Institute and 
for the next three years was 
in this organization’s service 
at Greenford in the capacity of senior metallurgist. In 
1942, he became the Tin Research Institute’s chief metal- 
lurgist and conducted research at Birmingham University 
in connection with foundry problems at various foun- 
dries. Since 1947, he has been engaged as a Research 
Fellow at Birmingham University, investigating the 
sand casting of copper alloys and continuous casting. 
He is a member of the Institute of Metals and of the 
Institution of Metallurgists. 


Papers for 1954 I.B.F. Conference 


The Institute of British Foundrymen is prepared to 
receive offers of papers for presentation at the Sst 
annual conference to be held at Glasgow in June, 1954. 
Manuscripts will be required not later than Decem- 
ber 31. The Council wishes to emphasize that it will 
be particularly glad to have the opportunity to consider 
papers of a practical character. Members and non- 
members who contemplate offering papers are asked to 
communicate immediately with the secretary of the 
Institute, who will forward them a copy of the Institute’s 
publication “ Notes for the Guidance of Authors of 
Papers.” It is desirable that all formal offers of papers 
should be sent to the secretary not later than October 1, 
so that they can be considered by the meeting of the 
appropriate committee which will be held in mid- 
October. 


P.0.A. Conference and Minibition 


During the latter part of this week in Brighton (Sep- 
tember 24 to 26), the Purchasing Officers’ Association 
is holding its annual national conference and Minibi- 
tion, with headquarters at the Hotel Metropole. 

The proceedings begin with visitors’ day at the Mini- 
bition—held in the hotel—which, as the name suggests, is 
a miniature exhibition at which the stands of manufac- 
turers (over 100 firms are showing) are limited to about 
5 by 4 ft. Afterwards there is a civic reception and 
dance in the Royal Pavilion. Friday, for the menfolk, 
is devoted to hearing papers mainly on business and 
association organization, but including one on “ Shell 
Mouldings ” by Mr. A. E. Hearne. The ladies listen to 
a talk on furniture, see an exhibition, and have a coach 
trip in the afternoon. On Saturday there are to be more 
technical papers and the annual meeting. 

Included among the “foundry” stands at the Mini- 
bition are those of Edgar Allen; Ashmore, Benson, 
Pease; B.T.H.; Crane’s, W. H. Dorman; English Steel 
Corporation; Firth Vickers; G.E.C.; John Harper’s; 
(Continued at foot of col. 2) 
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City and Guilds Results 


The City and Guilds of London Institute has pre- 
pared the following Table of results of the examinations 
in foundry practice and in patternmaking which they 
conduct, with the co-operation of the Institute of British 
Foundrymen : — 

TABLE I.—Comparative Statistics for C. & G. Examination Resulis in 
Patternmaking and Foundry Practice. 
| 


| 
Candi- | | | Per cent, 
Year. | dates. | Ist Class. | 2nd Class.) Fail. | passing. 
Patternmaking (intermediate). 

1953 61 31 179 | 151 | 58.2 
1952 306 48 152 | 106 | 65.4 
1951 292 53 || 64.7 
1950 318 | 70 | 136 107 65.0 
1949 208 | a 77 103 50.5 
1948 15 | 2 | 53 33 71.4 
1947 | 94 7 37 50 46.6 
1946 78 9 | | 42 46.0 
1945 59 4 43 | 12 79.6 
1944 39 8 | 18 13 66.7 
1943 46 7 19 20 | 56.5 
1942 22 9 9 59.0 

Patternmaking ( final). 
1953 165 52 | (67.5 
1952 26 | 103 44 74.6 
1951 ..| +181 16 51 64 51.0 
1950 ..| 83 20 41 22 | 73.5 
1947... 233 | | 60.5 
1946. 2 4 9 12 51.0 
1945 21 | 6 9 | 6 | 72:5 
1944... 19 | 3 10 6 | 68.4 
1943 6 | 8 5 | 73.8 
1942... | 24 ' 2 12 10 | 85.0 

Foundry Practice (intermediate). 

1953 259 49 171 9 | 84.9 
1952 239 | 35 | 162 1 42 72.4 
1951 | 207 | 29 88 | 90 | 56.5 
1950 | 232 40 118 74 | 68.0 
1949 | 184 14 | 51 | 69 48.6 
1948 | 145 | 46.9 
1947 | 114 | 41 32 41 64.1 
1946 os | 15 37 56.0 
1945 56 | 19 29 10 | 69.1 
1944 55 11 27 17 | 69.0 
1943 47 | 13 18 16 | 66.0 
1942 36 7 15 14 

Foundry Practice ( final) 
1953 138 | 25 | = 26 } 81.2 
1952 | 107 7 77 23 | 78.5 
1951 | 108 17 43 46 | 56.6 
1950 | 62 6 27 29 | 53.0 
1949 68 7 27 34 50.0 
1948 50 10 | 19 21 58.0 
1947 23~C*d! 1 6 | 21 25.0 
1946 No examination beyond intermediate stage. 


It will be observed that the results this year in 
foundry practice show substantial improvement both 
in numbers of candidates taking the examination and 
in passes secured, records being achieved in both in- 
stances. For patternmaking, the position shows only 
a slight increase in the number of successes, despite 
a much larger number of candidates in the inter- 
mediate section and for the final grade a decrease in 
numbers and percentage passes is recorded. It should 
be borne in mind, however, that the examination 
papers may not be of comparative “ stiffness” from 
year to year, though this, of course, is an important 
objective of the examiners. 


Hopkinsons; Newman Hender; Newton Chambers; Stan- 
ton; the Teconic group and Henry Wallwork—to give 
their short titles. If this exhibition lives up to the repu- 
tation of previous years, then it will indeed be worth 
seeing and, from the exhibitors’ point of view, well 
worthwhile. Apart from the opening day (11 a.m. to 
6 p.m.), it is open on both Friday and Saturday, 
8 a.m. to 6 p.m. 
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Effect of Pouring Conditions on Shrinkage Unsoundness 
in Bronze Ingots cast in Metal, Carbon or Sand Moulds* 
By W. T. Pell-Walpole, D.Sc. 

The fact that shrinkage porosity of gas-free bronzes is related to the rate of pouring is first enunciated 


and then explained. Next, details are given of new research work carried out to determine the effect 
of both rate and temperature of pouring of bronze cast into moulds of widely-differing thermal 


characteristics, viz., of metal, carbon and sand. 


From data so acquired, optimum pouring rates to 


suit the various conditions have been developed and their application to foundry practice generally 
is discussed. 


It has been established’-* that the extent of 
shrinkage porosity in gas-free bronzes cast into 
cast-iron moulds depends mainly on the rate of 
pouring. Porosity is least when the rate of pour- 
ing is the minimum which will fill the mould with- 
out cold-shuts: when this rate is used, variation of 
the temperature of pouring has little effect, but, at 
higher rates, variation of pouring temperature has 
more effect.than variation of rate. The minimum 
safe rate of pouring for maximum soundness in 
cast-iron moulds is related to the size of ingot by 
the formula: R=K P, where R, is the rate of pour- 
ing (lb. per min.), P, the periphery of the ingot (in.) 
and K, a constant depending on metal composition 
and quality. 

Experimentally determined values of K, for 
commonly used compositions, have been pub- 
lished.* This formula has been tested in practice for 
a wide range of compositions, and, provided that suit- 
able degassing technique is employed to give good 
metal quality, its use gives a simple, practical method 
for the control of soundness in bronzes cast in iron 
moulds up to 3 in. dia. It is now used by many 
foundries in this country and abroad. The possible 
extension of the use of this formula to control cast- 
ing into moulds made of materials other than cast 
iron, may now be considered. 4 

The theoretical basis for the formula is that 
optimum soundness is obtained when the pasty zone 
during solidification is a minimum. This depends 
on balancing the rate of heat extraction (determined 
by the periphery of the mould and by the thermal 
characteristics of the mould) against the rate of heat 
input (determined by pouring rate and pouring 
temperature). Substituting for cast iron a mould of 
greater chilling power should permit the use of a 
more rapid rate of pouring, while retaining the 
minimum pasty zone required for optimum sound- 
ness: using a mould material of lower chilling 
power should require a slower rate of pouring for 
optimum soundness. Thus it has been shown by 
Kondic and the present Author’ that, for casting 
into water-cooled copper moulds, the pouring rate 
for optimum soundness is higher than for cast-iron 
moulds; on the other hand, when a thermally in- 
sulating type of mould-dressing is used on cast- 
iron moulds, a slower rate of pouring is required 
to give optimum soundness. 

The present research is an investigation of the 
effect of rate and temperature of pouring on the 


* Presented at the fiftieth annual meeting -of 
of British Foundrymen. 


soundness of bronze cast into moulds of widely 
differing thermal characteristics, viz., metal moulds, 
carbon moulds and sand moulds. 


EXPERIMENTAL CONDITIONS 


In order to reduce the amount of experimental 
work to within reasonable limits, it was necessary 
to standardize on one alloy composition and one 
size of casting. Bearing bronze of high-phosphorus 
content (10 per cent. tin, 1.5 per cent. phosphorus) 
was chosen as a suitable composition, since this 
alloy is very fluid and can be cast at widely vary- 
ing rates and temperatures of pouring. Also the 
last liquid to solidify in this alloy, does so at a 
constant temperature, thus permitting easy measure- 
ment of solidification times in the various moulds 
employed. 

The bronze was prepared from: virgin metals 
(electrolytic copper scrap and Chempur tin), melted 
in a gas-fired pit-type crucible furnace, and degassed 
with an oxidizing flux (equal parts of CuO, fused 
borax and sea sand). Temperatures were measured 
with a direct immersion, chromel /alumel couple, and 
pouring rates were controlled by top pouring 
through a plumbago crucible drilled with the requi- 
site size of hole. 

The moulds were prepared to give a simple cylin- 
drical casting 10 in. long by 1 in. dia. The mould 
wall thickness varied from 14 to 24 in. but in- 
dependent investigations not reported here in detail 
established that such variations had no effect on 
solidification time with the mould materials used. 
The mould materials investigated were: — 

(a) A cast-iron mould of 14 in. wall thickness, 
included to give a standard of comparison for the 
other moulds. 

(b) A copper mould of 24 in. wall thickness. 

(c) A mould machined from a block of elec- 
trode carbon, walls 14 to 2 in. thick. 

(d) A mould made by packing steel shot round 
a1 in. dia bronze-foil cylinder in an outer casing 
of thin sheet steel 3 in. dia. 

(e) A mould consisting of 75 per cent. South- 
port sea sand, 25 per cent. plumbago, packed 
round a 1 in. dia. bronze-foil cylinder in an outer 
casing of thin sheet steel, 3 in. dia. 

(f) A mould made of Southport sand bonded 
with 14 per cent. of dextrin. This mould was 
used with a liner of bronze foil as for (d). This 
prevents gas absorption from the bonded sand, 
which would otherwise affect the amount of 
porosity produced in the castings.’ 
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Details Pouring Condition Test 
(Contours of Density in gm/co) ils of Pouring these 
T T 


} | Ra Temp. 
Mould. | ib. Bars.) | Mould, be deg. Bam, Were 2 
in. | 
| 
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Iron .. | Steel shot 


4 86 6 © 4 32% © 44 4 52 5 dextrin 
RATE OF POURING (Ib/min) | 


Fic. 1.—Density Map for Phosphor-bronze Ingots 
cast in an Iron Mould. 


The solidification time for the bronze in each of 
these moulds was determined with a thermocouple 
secured at the centre of the mould cavity.- Cooling 
curves were made for metal cast at temperatures 
varying from 1,050 to 1,200 deg. C. Solidification 
times were taken as the interval between the com- Sand/ 
mencement of the liquidus and the end of the plumbago 
solidus arrest. It was found that, with the metal 
and carbon moulds, solidification time did not vary 
appreciably with these variations in pouring condi- 
tions; with the aggregate moulds, the higher pour- 
ing temperatures increased the solidification time. 
(Table 1.) 

With each mould, an extensive series of ingots 
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pouring (see Table II), for studying the effect of 


| 

| 

| 

was then cast at various rates and temperatures of | 


TABLE I.—Solidification Times for Phosphor-Bronze Ingots (1 in. dia.) 

in Various Moulds. (Contours of Density in gmjcc) 

Solidification time ' ' 
(secs.). *S/D* 


Observed.| Mean 


-06 25 


TEMP °c 


Steel shot 
1.00 150 


Sand/plumbago 


1 
Sand/dextrin .. 4 86 2 2 % #40 48 «(52 
RATE. OF POURING min) 


* §/D* = Equivalent solidification time for ingot. 1-00 in. dia. Fic. 2.—Density Map for Phosphor-bronze Ingots 
(values used in graphs, Figs, 7 to 10). cast in a Copper Mould. 
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these variables on porosity. Density measurements 
were adopted as the simplest measure of porosity. 
A piece 1 in. long was removed from the top of 
each ingot and a surface layer of metal +¢ in. deep 
was machined away, before density determinations 
were made. 

The apparent density at 15 deg. C. was then 
determined by the Archimedes method. The 
maximum attainable density of a cast bronze varies 
with the phosphorus content: a variation of +0.07 
per cent. P causes a variation of density of +0.02 
gm. per c.c. The latter is the estimated accuracy 
of the density determinations, so that variations of 
phosphorus content within this range will have no 
appreciable effect on the density value. All the 
ingots were analysed for phosphorus content and 
the few which were outside this permitted range of 
variation were rejected and replaced by other ingots 
within the required composition range. The 
experimental results are plotted in Figs. 1 to 6 as 
contour graphs of density against rate and tem- 
perature of pouring for the various moulds 
examined. 

Results 
Iron Mould 

The variations of density with rate and tem- 
perature of pouring-for the iron mould are shown 
in Fig. 1. The general form of this graph is similar 
to those published previously for low-phosphorus 
bronzes and for gun-metal, but the extent of varia- 
tion in density over the range of conditions 
examined is less for the high-phosphorus bronze. 
There are two reasons for this: (a) the high fluidity 
of this bronze, (5) its ability to undergo mass feed- 
ing, owing to the fact that it always solidifies by the 
formation of equi-axed crystals simultaneously 
across the section, without shell formation. 

The density map forms two distinct regions 


(Contours of Density in gmjcc) - 
T T T 


TEMP °c 


— 
16 20 26 2 32 3% 40 44 48 52 
RATE OF POURING (fb/min) 


Fie. 3.—Density Map for Phosphor-bronze Ingots 
cast in a Carbon Mould. 
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(Contours of Density in gmjcc) 
T T T T T 


RATE OF POURING (\b/min) 

Fic. 4.—Density Map for Phosphor-branze Ingots 
cast in a Steel-shot Mould. 


divided by the broken line, AB. To the left of 
AB, density improves rapidly as the rate of pour- 
ing is increased, and slightly, as pouring temperature 
is decreased. To the right of AB, pouring rate 
has virtually no effect, the density being determined 
solely by the temperature of pouring. The signi- 
ficance of the line AB will be discussed later. 
Copper Mould 

The density map of the copper mould, Fig. 2, 
is similar in form to that for the iron mould, but 
has several important differences in detail : — (a) the 
optimum density is obtained at a slightly higher 
pouring rate, and (b) the line AB, (which marks 
the upper limit of the range in which density varies 
with pouring rate) is displaced markedly to the 
right. These effects are related to the greater chilling 
power of the copper mould, 
Carbon Mould 

The density graph for ingots cast in the carbon 
mould (Fig. 3) is also similar in general form to 
those for the iron and copper moulds, but with the 
following differences in detail:—({a) The pouring 
rate to give optimum density is slightly lower than 
that for the iron mould. (b) The line AB dividing 
the two regions of the map is displaced slightly 
to the left, in relation to its position on the cor- 
responding map, for the iron mould, i.e., with the 
carbon mould, the region in which pouring rate 
is the potent factor controlling density is restricted 
to lower rates than with the iron mould. These 
effects (a) and (b) appear to be related to the slower 
tate of solidification. (c) In the region in which 
pouring temperature is the only factor affect- 
ing density, the variation of density with 
pouring temperature is less pronounced for the 
carbon mould than for the metal moulds. This is 
the reverse of what might be expected from the 
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Fic. 5.—Density Map for Phosphor-bronze Ingots 
cast in a-Sand/Plumbago Mould. 


lower rate of solidification in the carbon mould. 
The apparent anomaly can probably be explained 
with reference to gas absorption from mould dress- 
ings. With either of the metal moulds, combustible 
mould dressings have to be used. It has been estab- 
lished previously* that such dressings cause slight 
gas absorption, particularly when high pouring 
temperatures are used. The decrease of density with 
increase of pouring temperature is slightly exag- 
gerated by this effect with any of the metal moulds. 
Mould dressing is not necessary with the carbon 
mould, hence the latter gives slightly higher densities 
for equivalent pouring conditions, particularly with 
high pouring temperatures. 


Aggregate Moulds 

The density maps for all the aggregate moulds, 
Figs. 4 to 6, are similar to one another, but differ 
from the maps for the preceding moulds in that 
the contours of density are parallel to the rate axis 
for the whole range of conditions examined (4 to 
56 lb. per min., 1,000 to 1,200 deg. C.). Thus with 
these moulds, which are characterized by having 
a much lower chilling power (a higher solidification 
time) than the foregoing, the region in which pour- 
ing rate has no effect on density is extended to the 
lowest rate which can be conveniently used in 
practice. With these moulds, some additional tests 
were made with even slower rates of pouring (14 to 
2 lb. per min.). Under these conditions, which 
could only be used with a pouring temperature 
of 1,200 deg. C. or higher, a slight increase in 
density was obtained, notably with the steel-shot 
mould. 

It appears therefore, that even with the aggregate 
moulds, the general relationship between density 
and pouring conditions is similar to that for the 
carbon and metal moulds. With the aggregate 
moulds, however, due to the slow rate of solidifica- 
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tion of the bronze, the pouring rate is only effective 
in controlling density when the rate is less than 
2 lb. per min. Such slow rates involve the use of 
very high pouring temperatures and of small pour- 
ing apertures, which are difficult to control in 
practice. In contrast to this slight effect of pouring 
rate on density pouring temperature has a more 
marked effect than with the chill moulds. The 
highest densities attainable are appreciably lower 
than those obtained with chill moulds under corre- 
sponding conditions of pouring. 


CONSIDERATION OF RESULTS 


1.—Effects of Pouring Rate on Density 


The relationship between pouring rate and den- 
sity is fundamentally the same whatever mould 
material is used. For a constant pouring tempera- 
ture, maximum density is obtained with the mini- 
mum rate which will give a complete ingot free 
from cold-shuts. As the rate of pouring is in- 
creased, the density of the ingot obtained decreases 
rapidly until a second critical rate is. reached, 
Beyond this, further variation of rate has no appre- 
ciable effect on density. For a constant ingot size, 
the values of both the minimum safe rate (giving 
optimum density) and of the upper critical rate 
depend on the chilling power of the mould 
material. The greater the chilling power the higher 
are the values of the critical rates. 


Minimum Safe Pouring Rate for Optimum Density. 

It has been established previously, and discussed 
in the introduction to this Paper, that for iron 
moulds, the lower critical rate required to give 
optimum density is given by the formula: R = KP 
(Ib. per min.), where R is the pouring rate, P the 
periphery of the mould (in.); and K a constant 
depending on thermal properties of the mould, on 
pouring temperature, on the fluidity of the alloy 
and on the units used. For constant ingot size, 
alloy composition, and pouring temperature, there- 
fore, the value of K should depend solely on the 
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thermal characteristics of the mould. Applying 
this formula to the results of the present investiga- 
tion, the values of K, for a pouring temperature 
of 1,100 deg. C. are 1.9 for the iron mould, 1.45 
for the carbon mould, 2.4 for the copper mould and 
<0.6 for the aggregate moulds. These values of 
K for the various mould materials can now be 
expressed in terms of the K value to the iron 
mould: Kx= CK ye, where Kx=the K value of the 
new mould material. K,.=the K value of the iron 
mould andC=a constant for a given mould material. 
The general formula may now be applied to any 
mould material: R=CKP, where R, K and P have 
the same values as in the original formula. The 
values of C are 1.0 for iron, 1.25 for copper, 0.75 
for carbon and <0.35 for the aggregate moulds. 
If C in this formula is a function of the chilling 
power of the mould material, the value of C for 
each mould should bear some simple relationship 
to the solidification time for that mould. That this 
is so is illustrated in Fig. 7 in which the values of C 
are plotted against the appropriate values of solidi- 
fication time. 

Upper Critical Rate. ; 

If solidification does not commence until the 
mould is full, pouring rate can have no direct 
effect on solidification and hence no effect on den- 
sity. This might éxplain the constant density of 
ingots cast in aggregate moulds at rates >16 lb. 
per min., since filling time at these rates is less 
than 20 secs., while solidification does not com- 
mence until 20 secs. after the commencement of 
pouring. However, reducing the pouring rate from 
16 to 4 lb. per min. still has no effect on density, 
but with this range of pouring rate, solidification 
starts before pouring is completed. Hence, the 
upper critical rate cannot be the limiting rate 
which will fill the mould before solidification com- 
mences. Some other explanation of its significance 
must be sought, from a consideration of the pos- 


sible effect of pouring rate on the progress of 
solidification. 


Variation of pouring rate can only affect the ex- 
tent of porosity by altering the extent of the pasty 
zone, i.e., by altering the distance through which 
the remanent liquid must percolate to compensate 
for solidification contraction. Alloys having a long 
freezing range, such as the bronze used in this 
work, do not solidify by shell formation: crystal- 
lization occurs throughout the section of the ingot, 
so that the final structure is entirely equiaxed. With 
this mode of solidification, contraction during the 
early stages of solidification is compensated by 
mass shrinkage, until the growing crystals are 
interlocked. 


Muss movement can then no longer occur, and 
subsequent contraction must be compensated by 
intercrystalline flow of the remaining liquid. Pour- 
ing rate cannot affect mass shrinkage, but it can 
effect the efficiency of intercrystalline feeding, since 
it controls the extent of the pasty zone. It follows 
that the rate of pouring can only affect the extent 
of shrinkage porosity if pouring is still in progress 
when the stage of mass shrinkage is completed and 
intercrystalline feeding is in progress. It is sug- 
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gested therefore that the upper critical rate (the 
line AB in Figs. 1 to 4) is the highest rate of pour- 
ing which conforms to this requirement in the 
respective moulds. 

If the mode of crystallization is similar, in all 
the moulds, then, at the end of the mass shrink- 
age stage, the same proportion of the ingot will 
have solidified. From available data, the propor- 
tion of solid metal which has formed at any stage 
of solidification is proportional to the square root 
of the time from the commencement of solidifica- 
tion. Hence the proportion of metal solidified 


m 
during the mass shrinkage stage is given by Js 


where Tm is the duration of mass shrinkage stage 
and Ts the time for complete solidification, as 
taken from the cooling curves. If the upper critical 
pouring rate is related directly to the duration of 
mass shrinkage, then the square root of the time to 
fill the mould at this upper critical rate should vary 
as ,/Ts. These values are plotted in Fig. 8 and a 
linear relationship is in fact obtained. 

It is deduced that variations of pouring rate can 
be used to control the extent of shrinkage porosity 
only when the mould material is such that the 
upper critical pouring rate is within the practicable 
range (i.e., not less than 4 lb. per min.). The 
results of the present work indicate that this con- 
dition is given only by mould materials of high 
chilling power, such as water-cooled moulds and 
moulds machined from solid blocks of metal or 
carbon. A mould made from steel shot gives a 
value of the upper critical rate which is just within 
the practicable range, while, with all sand moulds, 
the upper critical rate is below the practicable limit. 
Consequently, reduction of pouring rate cannot be 
used to decrease shrinkage porosity in ingots cast 
in sand moulds of normal composition. 


2.—Effects of Pouring Temperature on Density 

Pouring temperature has little effect on shrinkage 
porosity (as determined by density measurements on 
gas-free metal) when the pouring rate is less than 
the upper critical rate for the mould in use. When 
the pouring rate is above the upper critical rate 
then temperature becomes the most potent variable 
affecting shrinkage porosity. The relationship 
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Fic. 7.—Relationship between Value of “C,” in 
Formula R=KCP, and Solidification Time for 
Phosphor-bronze Ingots of Equal Diameter cast 
in Various Moulds. 


|| 
n 
of 
I- 
in 
lg 
re 
er 
n- 
Id i 
ni- 
ee 
in- 
ad, 
re- 
ze, 
ing 
ate 
ild 
ler 
ty. 
sed 
on 
ive 
KP 
the 
ant 
on 
loy 
ize, 
the 
4 Copper Mould 

‘¢— Carbon Mould 
3 


FOUNDRY 


ingots) 


VCRITICAL FILLING TIME 
| 


2 a 6 8 10 
J SOLIDIFICATION TIME FOR INGOTS IIN.DIAMETER 
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between pouring temperature and density at high 
pouring rates is shown in Fig. 9. The curves are 
nearly linear for each mould, but the gradient in- 
creases slightly for temperatures above 1,100 to 
1,150 deg. C., particularly with the aggregate moulds. 
The effect of temperature throughout the range 
examined is also much greater with these moulds 
than with the metal and carbon moulds of high 
chilling power. 


3.—Effects of Mould Material on Density 


The effects of the mould material have already 
been considered in relation to the effects of pouring 
rate on porosity, but when solidification is so slow 
that the rate of pouring has no effect on density, 
the effects of the mould material become more im- 
portant. When these conditions apply (e.g. in cast- 
ing into aggregate moulds) then, for a constant 
pouring temperature, the density of the ingot 
varies inversely as the square root of the solidifica- 
tion time (Fig. 10), i.e., directly as the chilling power 
of the mould material. 


CONCLUSIONS AND SUGGESTED 
APPLICATIONS 


1.—Control of Pouring Rate 


Pouring rate has an appreciable effect on the ex- 
tent of shrinkage porosity in castings only when the 
mould material used had a high chilling power, so 
that solidification is rapid. In practice, therefore, 
control of pouring rate can be used to control the 
soundness of castings made in metal moulds, car- 
bon moulds or water-cooled moulds, but not of 
sand-castings. With chill ingot moulds, which give 
the required rapid rate of solidification, maximum 
soundness in the ingot is obtained by pouring at 
the lowest rate which will fill the mould without 
the formation of cold-shuts. This rate is given by 
the empirical formula: -R=KCP, where R, is the 
pouring rate in lb. per min.; C, the ratio of chill- 
ing power of the mould to the chilling power of a 
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cast-iron mould of the same size; P, the periphery of 
the mould cavity (in.) and K, a constant depending 
on the composition of the bronze to be cast. The 
values of C determined in the present investigation 
are: with a copper mould, C=1.25; with a carbon 
mould, C=0.75, and with a cast-iron mould, C=], 

The values of K, for a wide range of composition 
have been determined previously. For the usual 
range of foundry bronzes, only two values of K need 
be considered: for Admiralty gunmetal (88/10/2) 
leaded gunmetals, and low-phosphorus bronzes, 
with tin contents of 7 to 12 per cent., a value of 
K=1.9 will be found suitable. For ingots of high- 
phosphorus bronze (e.g., bearing bronze containing 
10 per cent. tin, 0.5 per cent. phosphorus) and of 
high-tin gear bronze (e.g., 12 to 13 per cent. tin, 
0.3 to 0.5 per cent. phosphorus) the greater fluidity 
permits a lower value of K=1.3 to be used. 

Pouring rate can be controlled by top, axial pour- 
ing through a plumbago pouring basin, with a 
clearly drilled, vertical aperture of the appropriate 
diameter. Since the rate of pouring varies as the 
square of the diameter of the aperture, the latter 
must be kept within close limits for satisfactory con- 
trol to be obtained. Suitable rates and the corre- 
sponding apertures for casting some of the smaller 
sizes of stick ingot, using iron, copper or carbon 
moulds, are given in Table III. 

It has been stated that in sand casting, variation 
of pouring rate has no appreciable effect on bulk 
shrinkage porosity, hence in this class of work the 
TABLE III.—Pouring Rates for Optimum with Copper, Iron 


or Carbon Mou 


Nearest 
Alloy type. Ingot Mould Rate, lb.| practicable 
dia. “in.) material. | permin.| aperture 
dia. (in.).* 
Admiralty gunmetal, a | Cast iron 6 az 
leaded gunmetals, Copper 8 a 
and low-phosphorus Carbon 4} a 
bronzes 
Cast iron 9 tor 
Copper 12 & 
Carbon aa OTE 
1$to2)| Cast iron 12 os 
Copper 16 ts 
Carbon 9 tor 
2to24 | Cast iron 15 
Copper 20 
Carbon 11 
24to3)| Cast iron 18 
Copper 24 
Carbon 13} or 
Bearing bronzes (10 <1 Cast iron Sd 
per cent. Sn, 0.5 Copper 5 a OT & 
er cent. P), gear Carbon 3 at 
ronzes (12 per 
cent. Sn, 0.3 per | 1to 1} Cast iron 6 aa 
cent. P), and other Copper 8 + 
high-tin or high- Carbon 43 a 
phosphorus bronzes 
1}to2 | Cast iron 8 + 
Copper 10 rel 
Carbon 6 aa 
2 to 2} Cast iron 10 
Copper 12 
Carbon 7t 
2}to3 | Cast iron 12 
Copper 15 
Carbon 9 4or 


* When two possible = are given, use the larger for the 
larger sizes of the quoted ran: 
t Lowest practicable = 4 1b. per min. 
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pouring rate can be controlled solely with a view 
to the most satisfactory filling and feeding of the 
mould. The control of pouring rate for these pur- 
poses is outside the scope of the present investiga- 
tion, but other works*"* have from time to time 
proposed formulz for the control of filling time or 
of pouring rate, some based on practice, some on 
theoretical considerations. 

With shaped castings made in metal moulds, e.g., 
gravity die-castings, pouring rate is probably im- 
portant both from the aspect of satisfactory filling 
and for the control of shrinkage, but little experi- 
mental work is available to place this problem on a 
quantitative basis. 


2.—Control of Pouring Temperature 


The results of this investigation show that when 
solidification takes place very rapidly,i.e., with chill 
ingot: moulds and slow pouring rate, then variation 
of pouring temperature has little effect on shrink- 
age porosity. On the other hand, with sand cast- 
ings, when solidification is prolonged, pouring tem- 
perature is one of the most potent factors affecting 
the extent of shrinkage porosity. 

In practice, therefore, a clear distinction is neces- 
sary as to the control available by varying the pour- 
ing temperature for chill castings on the one hand 
and for sand castings on the other. When chill in- 
got castings are being made from degassed metal 
with the ideal rate of pouring recommended in 
Table III, the effects of varying pouring tempera- 
ture (within reasonable limits) on shrinkage porosity 
can be ignored. That being so, pouring tempera- 
ture can be selected to give the most desirable type 
of microstructure in the castings. In general, high 


_ pouring temperatures tend to give finely distributed 


pools of («+5) phase in the cored « matrix while 
low pouring temperatures give semi-continuous, 
intercrystalline envelopes of this complex. The 
former microstructure gives high ductility and lower 
hardness, the latter gives high hardness and rigidity 

The most 
satisfactory ranges for the best all-round mechanical 
properties for degassed metal poured at the recom- 
mended rates are 1,125 to 1,175 deg. C. for the 


high-phosphorus bronzes, and 1,175 to 1,225 deg. 
| C. for low-phosphorus bronzes and gunmetals. 
' the metal is not degassed, however, these pouring 


If 


temperatures would give rise to considerable gas 
porosity, and much lower temperatures would be 
necessary. 

In contrast to its relatively slight effect in chill 
casting, pouring temperature is certainly one of 
the most vital factors in sand casting. Even when 
the metal has been degassed and is isolated from 
the harmful effects of mould reactions during pour- 
ing, as in the investigations reported here, the den- 
sity of the casting obtained decreases very rapidly 
as pouring temperature is increased. If this were 
the only effect to be considered, then the lowest 
possible casting temperature would give the best 
result. In practice, with shaped castings, however, 
pouring temperature must be dictated, at least in 
some measure, by other considerations. - 

The satisfactory running of the casting is the first 
essential, and attention must be paid to the dis- 
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tance the molten metal has to run from the ingate, 
and the relative positions of light and heavy sec- 
tions, in order to avoid misruns or the entrapping 
of air or core gases by the solidifying metal before 
these have had time to escape. These factors alone 
often preclude the use of the very low tempera- 
tures which give the maximum density in a simple 
top-poured test-bar. Secondly, the effects of pour- 
ing temperature on structure must be considered. 
The general variations in structural distribution 
with pouring temperature are similar to those dis- 
cussed under chill castings, but with shaped sand 
castings conditions are more complex, since varia- 
tions of section also affect structure. In general, 
however, the most satisfactory structures in sand- 
cast bronzes are obtained at rather lower pouring 
temperatures than those mentioned for chill cast- 
ing, e.g., 1,130 to 1,200 deg. C. for gunmetal, 1,050 
to 1,100 deg. C. for phosphor-bronzes. 

A third factor which should be considered in 
practice is the relation of pouring temperature to 
the mould reaction. By this reaction, the molten 
metal absorbs hydrogen mainly from the combined 
water of the sand mould, but the effects are slight 
if the pouring temperature is below 1,050 deg. C. 
for high-phosphorus bronzes or below 1,175 deg. C. 
for admiralty gunmetal and other bronzes which 
contain only traces of phosphorus. In well-fed 
castings, it is generally desirable to avoid gas 
absorption completely, so that with such castings 
the lowest casting temperature consistent with effi- 
cient running would both give protection from gas 
absorption and ensure the lowest amount of general 
shrinkage porosity. In complex shapes, which are 
difficult or impossible to feed perfectly, a controlled 
amount of gas absorption will often give a better 
distribution of porosity as between heavy and light 
sections and in hydraulic castings will thereby im- 
prove pressure-tightness. In this case, a casting 
temperature well above that indicated as best for a 
well-fed bar might give a superior casting. 

It may be concluded that while solidification 
shrinkage in a sand-cast test-bar can be reduced to a 
minimum by using the lowest possible pouring tem- 
perature, this procedure is only acceptable for 
shaped castings if: (a) the temperature is sufficient 
for satisfactory running of the casting; (b) the 
rather brittle type of microstructure produced by a 
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Fic. 10.—Effect of Solidification Time on Porosity 
of Ingots. (For Rates exceeding the Upper Critical 
Rate for each Mould. The Pouring Tempera- 
ture was 1,000 deg. C.) 


very low casting temperature is acceptable; or (c) if 
the casting is of a simple design which can be 
reasonably well fed, so that gas absorption via the 
mould-reaction is not necessary to avoid local con- 
centrations of shrinkage porosity. 


3.—Control of Chilling Power of the Mould 
Material 


The present investigation has shown (see Fig. 10) 
that, for a given set of pouring conditions, the 
density of a casting of given section (representing 
the amount of shrinkage porosity) varies directly 
as the chilling power of the mould material (i.e., 
inversely as the square root of the solidification 
time). Since foundry sands have a very low chilling 
power, sand castings commonly exhibit more 
shrinkage porosity than chill-cast ingots. If the 
chilling power of foundry sands could be appre- 
ciably increased by suitable additions, without ad- 
versely affecting their other essential properties 
(such as workability, strength, permeability and 
refractoriness) then it should be possible to obtain 
a better bulk-density in a shaped casting, without 
changing the other casting conditions. 

In addition to the improvement in bulk-density 
obtainable by using materials of higher chilling 
power, a further possible application is to use 
materials of different chilling power for moulding 
adjacent sections of different thickness when these 
are so positioned that efficient feeding of the 
heavier section is impossible. By this means, the 
effect of section thickness on solidification time 
could be neutralized or so controlled that progres- 
sive solidification would be secured, with marked 
improvement in soundness. 

The results obtained in the investigation show 
that an addition of ground plumbago to a foundry 
sand gives a considerable increase in the chilling 
power, but in view of the potential importance of 
this aspect of the work, a more extensive investiga- 
tion of the effect of various additions on the chill- 
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ing power of sands has been undertaken by the 
Author, and will be reported in a separate com- 
munication. 
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DISCUSSION 


Mr. Locan, referring to the conclusion under 
the heading “Control of Chilling Power of the 
Mould Material,” said the statement was made there 
that “ Since foundry sands have a very low chilling 
power, sand castings commonly exhibit more 
shrinkage porosity than chill-cast ingots. If the 
chilling power of foundry sands could be appre- 
ciably increased by suitable additions, without 
adversely affecting their other essential properties 
(such as workability, strength, permeability and 
refractoriness) then it should be possible to obtain 
a better bulk-density in a shaped casting, without 
changing the other casting conditions.” It would 
probably be accepted by everybody present that 
with regard to the use of sand moulds in non- 
ferrous foundry practice the controlling factor was 
very largely that of pouring temperature. The 
Author went on to suggest—and he hoped to be 
forgiven for pointing out that it was not a new 
suggestion—that if founders could add something 
to the sand which would materially improve the 
chilling effect then the casting would be materially 
improved. That had been said many years ago, 
by Mr. F. Hudson, and he himself at intervals over 
a very long period had advocated the very same 
thing. The use of silicon carbide as a chilling 
element had been advocated, and it had always 
surprised him that non-ferrous foundrymen had not 
experimented more in that direction. The idea 
was undoubtedly very important and should be 
followed up by foundries generally, to their 
advantage. In that connection he understood that 
Dr. Pell-Walpole was doing further experimental 
work to find suitable chilling additions, and he 
looked forward to reading his reports. 

Dr. PELL-WALPOLE, in reply, apologized for 
having apparently given the impression in the last 
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paragraph of his Paper that he believed it to be 
an original suggestion. He was well aware of the 
earlier work on the subject, particularly Mr. Frank 
Hudson’s, using both Carborundum and _ various 
types of steel shots. The last section of the Paper 
was an attempt to supplement the rather academic 
approach of the earlier part and to present the work 
in the more general field of foundry practice. It 
was not considered necessary to give extra references 
in this section. 


Ground Crucibles Advocated 


Mr. REYNOLDS said that having read a fair 
amount of the work done on the chilling power 
of various materials in the sand mould, by Mr. 
Hudson and the president of the Institute, on 
carborundum, clay, and various other additions; 
they had tried a readily available material, namely 
ground crucibles, and they had found that by intro- 
ducing the powdered material into the facing sand 
they got a better chilling effect. It was true that 
a slightly rougher casting was obtained than with 
normal facing sand, but curiously enough, on tests 
a metal of higher tensile resulted. The comparisons 
were made on 88:10:2 gunmetal, but seemed fairly 
general in application. 

His firm had also tried it—in connection with 
cores where there was danger of metal penetration 
when casting phosphor bronze—as a dilution 
material of linseed oil and “ compo” for oil sand 
cores. They found they could use less linseed oil 
and “compo” and yet get a good bond, and also 
get greater freedom from porosity in the castings, 
as well as a better skin. 

Dr. PELL-WALPOLE, in reply, said he was very 
glad indeed to have a contribution about something 
which had been tried in practice, because the very 
materials which Mr. Reynolds had mentioned were 
among those which he had himself been testing 
out in quantitative comparison with various 
ordinary sands, and he could bear out that there 
was a very marked improvement in the chilling 
power. He was also very pleased to hear that this 
was accompanied by a worth-while improvement 
in the properties of the material. 

Mr. REYNOLDS added that with oil-sand cores, 
which were rather harder and more difficult to 
knock-out than, say, the resin-bonded cores, the 
crucible-powder addition gave one better knock- 
out properties. 

Dr. PELL-WALPOLE replied that it was quite un- 
usual to find things working out that way; nor- 
mally when one got a bright idea from theory and 


then tried it out, a number of practical snags were 
encountered. 


Grinding-wheel Material 


Mr. MALCOLM BROWN suggested that experiment- 
ally-minded moulders requiring a ready source of 
moulding material with good chilling qualities, 
should collect the old grinding wheels from their 
fettling shops, put them in a furnace and raise 
them to about 800 deg. C., which would burn out 
the bond. This would leave well-graded material, 
simple to mill-up for use in a mould or as a core. 
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A MEMBER said that although he had not used 
them quite in that form he had used the stub of a 
grinding wheel, which was otherwise finished 
with, as a direct chill. One obtained rather a 
rougher casting but the material certainly had a 
pronounced chilling effect. 

Mr. RUDDLE said the Paper described a most 
useful piece of work; he had been particularly 
interested in the moulding materials of different 
chilling powers which had been tried, because he 
had himself done some work on the chilling powers 
of moulds a few years previously.* One material 
which was believed to have some practical possi- 
bility, although there was difficulty in its adoption 
owing to the high price, was silicon carbide. They 
had found that the chilling power of silicon car- 
bide—bonded with bentonite—was about three 
times that of ordinary moulding sand, and he 
thought that the use of such a material would 
greatly improve the soundness of many castings. 
If a suitable grade of silicon-carbide grit were 
selected, moulding presented no difficulty. 

He pointed out that the factor for the chilling 
power used by Dr. Pell-Walpole was proportional 
to the solidification time, whereas most workers 
used a slightly different factor which was propor- 
tional to the square root of the solidification time. 
Dr. Pell-Walpole’s factor was in effect the square 
of that used by most other workers. 

Dr. PELL-WALPOLE, in reply, said Mr. Ruddle’s 
own work on that subject was very well known and 
extremely valuable, and the small ‘contribution 
which he had himself made only confirmed, by 
way of showing the effect on porosity, what Mr. 
Ruddle and many other people had propounded 
when they showed that different moulding materials 
gave improvement in chilling power in thermal 
experiments. He apologized for the fact that in 
certain places in the Paper direct solidification time 
had been used rather than the square root. The 
chilling factor was, of course, proportional to the 
square root of the time and not proportional to the 
time. 

THE CHAIRMAN, concluding the session, proposed 
a vote of thanks to the Author, which was carried 
with acclamation. 


The new laboratories of the British Iron and Steel 
Research Association. in Hoyle Street, Sheffield, will 
be opened by the Duke of Edinburgh on Novem- 
ber 19. The buildings, which were begun in 1950. 
comprise a three-storey block of laboratories and 
offices and two single-storey plant buildings which 
house heavy equipment such as steelmaking plant, a 
rolling mill. and forging and drawing plant. Esti- 
mated to cost £250.000, they accommodate also the staff 
of the Cutlery Research Council, which works closely 
with the association. 

The 14-in. rolling mill, for research into problems 
associated with the cold-rolling of strip, is capable 
of rolling steel strip at 1.750 ft. per min., and the cost 
of the plant was £60.000. There is also an experi- 
mental wire-drawing machine and a forging press. 
Other plant installed includes a steelmaking arc fur- 


nace, and a high-frequency furnace to melt steel in a 
vacuum. 


W. Ruddle and A. L, Mincher, Jn!. Inst. Metals, 1949-50, 
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Electric Smelting of Non-ferrous Metals 


In the course of an article “ Electric Smelting of 
Minerals ** by A. G. Robiette, M.SC., F.I.M., men- 
tion is made of electrical extraction methods applied 
a metals, from which the following is 
taken : 


Copper and Nickel 


Copper and nickel smelting can be grouped 
together, as one of the usual processes of 
extraction from the mineral consists of separating 
the sulphide ores by flotation and smelting the con- 
centrates to form a matte which is subsequently 
blown. Sometimes, part of the concentrates are 
roasted, if there is a market for sulphuric acid. 

In countries such as Canada, the U.S.A. and 
Northern Rhodesia, these concentrates are melted 
in reverberatory furnaces, but in Scandinavia and 
also in Finland a closed-roof electric furnace, similar 
to an electric pig-iron furnace, was developed. Fur- 
naces of this type have been used since before the 
war in Finland and Norway, and latterly also in 
Sweden. The nickel-smelting plant at Petsamo, in 
what was Finland before 1945 (now Russia), was 
designed in this country on the basis of two‘ 12,000 
kva. electric furnaces operated from hydro-electric 
power and having six electrodes in line. The closed- 
roof furnace was used, as SO, is given off during 
this process, and it is essential to remove the fumes 
by way of a stack, unless the SO, is recovered. 


Tin and Zinc 

Tin Concentrates: Electric smelting of tin con- 
centrates is now being practised in several countries, 
including France, Spain and the Belgian Congo. The 
process is one which uses little power owing to the 
low heat of formation of cassiterite, and in some 
processes little more than 1,000 kwh. are needed 
to produce a ton of tin. 

Sometimes closed furnaces are used, as in France, 
where the products are passed through a baghouse 
to recover fume; but in the Belgian Congo deep 
charges are used in open furnaces, most of the fume 
condensing in the upper cold charge, and the smelt- 
ing is carried out by a cyclic two-stage process, 
similar in many respects to the Perrin process of 
ferro-chrome manufacture. 

Zinc: The electro-thermal production of zinc—to 
replace the inefficient horizontal retort system—has 
engaged the attention of metallurgists for years, and 
much work has been done in Norway on this pro- 
cess by Harbord and others, many years ago. One 
of the most difficult problems encountered in elec- 
tric smelting of zinc is the condensation of the metal. 
This problem, however, was solved in one way by 
the St. Joseph Lead Company in America by using 
a condenser in the form of a U-tube, filled with 
molten zinc, through which the zinc vapour is passed. 
They developed a process for smelting by electric 
resistance, using a preheated sintered zinc ore 


* Printed in Iron & Coal Trades Review. The Author is 
a director of John Miles & Partners (London) Limited. 


charged into large vertical retorts. This resistance 
method of zinc production is what is often called the 
“ dry process,” inasmuch as no liquid is made within 
the furnace proper. 

More recently, the New Jersey Zinc Company, 
who originally developed the vertical retort system 
of zinc production, have developed a submerged- 
arc process of extraction which they call the “ Ster- 
ling” process. They use a 6,000-kva. furnace 
which is charged with preheated raw materials 
from overhead charging hoppers, zinc reduction 
taking place at the interface between the solid 
charge and the slag. Low-grade iron-containing 
ores are employed, and pig-iron is produced as a 
by-product. The condensation problem is solved 
in this process by using what is called a “ splash” 
condenser, where the molten zinc in the condenser 
is agitated, or splashed, with paddles, the zinc 
vapour being scrubbed, so to speak, by molten zinc. 

The electric furnace is also used for such pro- 
cesses as the production of nickel anodes from 
oxidized nickel-matter—the production of a cobalt/ 
copper/iron alloy from cobalt-containing copper 
converter slags. 

The reducing conditions in the electric furnace 
are so controllable that selective reduction can 
often be conveniently practised. For instance, if 
only a low manganese ore is available, that is, ore 
having a low Mn/Fe ratio, then it can be reduced 
in the electric furnace to produce a pig-iron, 
leaving most of the manganese in the slag; in other 
words, iron is selectively reduced. Then the high- 
manganese slags can be re-smelted to give a rich 
ferro-manganese. In Germany manganese metal 
(96 to 97 per cent. Mn) is made in this way. 


Development Possibilities 

In the body of the article, sufficient of develop- 
ments in electric-smelting practice was given to 
indicate its possibilities not only for the production 
of strategic alloys in this country, but for assisting 
materially in the important task for developing 
Commonwealth resources. Canada, Australia, New 
Zealand, and even Ceylon have large potential elec- 
tric power resources. South Africa can produce 
cheap power from large reserves of very cheap low- 
grade coals. The Colonial Empire, including East, 
Central, and West Africa, have hydro-electric 
potential, some of which is already being developed. 

With literally untapped mineral resources, all 
these territories can play a large part in making up 
the rapidly dwindling base-metal resources of the 
older, more exploited, countries. 


AN INTERIM DIVIDEND of 6} per cent. on the ordinary 
capital in respect of the year ending December 31 next 
has been declared by A. Reyrolle & Company, Limited, 
manufacturing electrical engineers, etc., of Hebburn 
(Co. Durham). This compares with a 5 per cent. 
— followed by a 74 per cent. final dividend for 
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I.B.F. National Works Visits 


for the fourth year running, the Institute of British Foundrymen has arranged a series of works visits 
open to members from all over the country. This year the East Midlands branch are the hosts, and 
the nine works in the district are to be visited on October 2. So that the intending participants, as 
well as other readers, will have some idea of the establishments to be seen, brief descriptions are given in 


what follows. 


An effort has been made to record features of the installations of particular interest 


to foundrymen visitors. 


HERBERT MORRIS, LIMITED 


The firm of Herbert Morris, Limited, lifting and 
conveying machinery makers, was founded in 
London in 1884, and some 16 years later moved to 
Loughborough. Succeeding years saw the firm ex- 
pand rapidly, so much so that by 1919 all available 
space on the original site to the east of the town 
was occupied. It then became necessary to secure 
a site alongside what was formerly known as the 
L.M.S. main line, and by 1924 a large works was in 
active production. These works have since been 
twice extended, so that the total area occupied by 
the firm to-day is about 60 acres. Adjoining the site 
is a spacious sports ground for the use of the em- 
ployees. At present there are, therefore, four works, 
known respectively as the north, south, east and west 
works, constituting what is probably the largest 


plant in the world making lifting and conveying 
machinery exclusively. 


The south works is engaged mainly on the produc- 
tion of the firm’s smaller products, such as pulley- 
blocks, roller conveyors, stackers, elevating trucks 
and winches. Of special interest to visitors is the 
section where chain is manufactured by electric 
welding, mainly for use on cranes and pulley-blocks. 
Such chain must have a high tensile strength as well 
as great accuracy of link form and pitch, and the 
methods of securing these qualities are intriguing to 
engineers and foundrymen alike. The east works 
comprises the main offices, a centre for training 
apprentices, tool-room, forge and an extensive elec- 
trical section for the manufacture of electric motors, 
brake magnets, resistances, controllers and various 
types of special switchgear. 


Fic. 1.—View of the Herbert Morris Mechanized Foundry, with the Moulding Machines in the Background, 
Pouring from “ One-man” Ladles in the Centre and Part of the Knock-out in the Foreground. Of Special 
Interest is the Travelling Beam from which the Pouring Ladles are suspended. 
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I.B.F. National Works Visits 


Patternshop and Foundry 


Across the way from the main offices is the west 
works, which for many years served as an erecting 
shop, but is now an up-to-date patternshop and 
mechanized foundry (Fig. 1), complete with labora- 
tories. Modern washing facilities, shower-baths and 
private lockers are installed. Since the firm specialize 
in the manufacture of equipment for foundry 
mechanization, it is not surprising that the visitors 
will find this department of more than passing in- 
terest. 

There remains the north works—situated a little 
over a mile from the other three—where are manu- 
factured the firm’s heavier and more spectacular pro- 
ducts, such as electric overhead cranes, electric jib 
cranes, mobile cranes, Goliath cranes, and a wide 
variety of conveyors and elevators. Especially in- 
teresting is the equipment for testing electric over- 
head cranes. Gantries of variable span adjacent 
to elaborate electrical indicating plant permit cranes 
of large or small span to be “ put through their 
paces ” in conditions of current supply equivalent to 
that which the cranes will require when actually in 
use on customers’ premises. 

Naturally, efficient handling of materials for 
manufacture has received particular attention and, 
thanks to a well-thought-out layout of the works as 
a whole, this has been achieved by remarkably simple 
means. 


LEY’S MALLEABLE CASTINGS COMPANY, 
LIMITED* 


Ley’s Malleable Castings Company, Limited, was 
founded in 1874 by the late Sir Francis Ley, who 
was in fact the pioneer of blackheart malleable 
iron in this country. In the early days, a close 
study of American production methods was made, 
and a sustained effort to improve the quality of 


*See also JournaL March 19, 1953, “‘ Mechanized Foundry 
for Small Blackheart Malleable Castings,” by J. Roxburgh. 
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Fic. 2—View in the General Foundry of Ley's 
Malleable Castings Company, Limited, showing 
the System of Assembling Moulds on Roller Con- 
veyors ready for Pouring. 


Fic. 3.—Duplex Melting Unit, Cupola/Electric Arc, 
in Ley’s Mechanized Foundry. 
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Fic. 4.—General View of the Power Station at 
Ley’s Malleable, where Waste Heat from the 
Reverberatory Furnaces is Utilized. 


the product established a business which has con- 
tinued to progress to this present day. It is largely 
due to these efforts that blackheart malleable is 
now held in high regard as an engineering material 
as evidenced by its numerous applications where 
high stress is involved. 


Ley’s works alongside the Birmingham-Derby 
railway are readily seen by the visitor approaching 
from the west. Some idea of the size of these, the 
largest malleable foundries in the country, is given 
when considering that an area of some 40 acres is 
covered by foundry buildings, annealing shops, 
coremaking and finishing shops. In the general 
foundries (Fig. 2 shows a part) melting is carried 
out by furnaces of the reverberatory ‘type fired by 
pulverized coal. This medium is also used in 
firing the annealing ovens. Approximately 2,000 
people are employed. 


Products and Items of Interest 


Ley’s products, “ Black Heart” malleable iron 
and “Lepaz” pearlitic malleable, by reason of 
versatile castability, toughness and resistance to 
impact, confer economy and quality on many auto- 
motive, farm-machinery and _ general-engineering 
components, and the wide range of castings will 
be seen in production by the visitors. Also on view 
will be the operation of a fully-mechanized foun- 
dry, duplex melting with cupola and electric fur- 
naces, Fig. 3, and the spectrographic laboratory, 
where rapid chemical analysis is carried out on 
bath tests, ensuring correct composition of metal 
before pouring. Coreblowing will be in operation, 
and in the patternshops will be seen the actual 
making of the coreboxes. An interesting point for 
consideration by the visitors is the conservation 
of fuel by utilization of waste heat from the rever- 
beratory melting furnaces for the purpose of gene- 
Tating the firm’s own electricity, a view of the 
power station being shown in Fig. 4. 


Fic. 5.—Close-up of Pouring on One of the Rotary 
Permanent-mould Machines in_ the ualcast 
Foundries. 


QUALCAST, LIMITED 


Qualcast, Limited, was originally founded in 
Sheffield in 1801 by the great-grandfather of the 
present chairman and managing director, and 
moved to Derby in 1849. The firm occupied three 
separate premises in Derby, whilst being known as 
the Jobson Foundry Company and the Derwent 
Foundry Company (1920), Limited, before chang- 
ing their name to Qualcast, Limited, in 1928 at 
the formation of a public company, prior to moving 
to the existing site in Victory Road in 1929. Before 
the first world war, the company had concentrated 
on the stove and grate business, but after entering 
the munition field during that war they have since 
specialized in high-quality light repetition grey-iron 
castings. Due to the expansion of the business at 
Victory Road, new premises have been acquired 
in Derby for the finished-products division, and 
the entire Victory Road site is now devoted to 
foundry production. 


Iron Foundries 


It is now well known that in 1940 the com- 
pany acquired the sole rights for Europe of the 
Eaton permanent-mould process, which has now 
developed at this site into two separate foundries 
producing permanent-mould castings, one having 
ten machines installed, and the other, a more 
modern plant laid down in 1952, is equipped with 
seven machines. These two foundries combined 
have a capacity of over 500 tons of good castings 
per week. The original plant is served by five 
42-in. dia. cupolas and the newer plant relies on two 
42-in. cupolas, and in the case of this latter instal- 
lation, mechanical cupola charging is a noticeable 
feature. Here the charges are weighed in drop- 
bottom charging buckets on a travelling scale-car 
before being hoisted directly into the charging door 
of the cupola. All pig-irons and shop returns are 
delivered to the charging bucket by means of a 
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Fic. 7.—One of the Qualcast Dressing Shops; in the background is a Continuous Annealing Furnace. 


> — furne 
tion 
Fic. 6.—General View of the Die-making Department which serves the Qualcast Permanent-mould Foundries. com 
of 
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5-ton magnet crane, which is also used for dis- 
charging incoming supplies arriving by road and 
rail. These two foundries are served by an ex- 
tremely efficient die-making department, which is 
very well equipped with modern plant. 

There is also the orthodox grey-iron foundry, 
specializing in high-duty castings for the auto- 
mobile, refrigeration and electrical industries, using 
conventional but highly-developed methods of 
moulding, core-making, etc. This foundry is served 
by two 56-in. dia. cupolas and one 36-in. cupola, 
and deals with nearly 300 tons of good castings per 
week of an average weight of 3 lb. This section is 
served by a coreshop in which the visitors will be 


interested to note that hand coremaking has been 


almost entirely eliminated. 
Other Activities 

Since 1935, a steel foundry has been developed 
on this site, which is at present served by a 30-cwt. 
Stobie direct-arc furnace, which will shortly be 
supplemented by a 3-ton E.F. Company direct arc 
furnace of the latest design, for the production of 
heat-resistant and abrasive-resistant castings, of 
which the present output is approximately 50 tons 
per week. The illustrations of the Qualcast works 
accompanying this article (Figs. 5, 6, and 7) show 
respectively a portion of a rotary die-casting 
machine, dies being made, and one of the large 
dressing shops. 

The layman visitor who relies on national adver- 
tising for his general knowledge will be surprised 
that there is no semblance of lawn-mower produc- 
tion at these works, which really consist of four 
completely self-contained foundries forming part 
of the thirteen works/divisions comprising the 
Qualcast Group. 
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BAMFORDS, LIMITED 


This is one of the few remaining agricultural 
engineering family businesses in the country, and 
has been built up on the south side of the market 
town of Uttoxeter by four generations of the Bam- 
ford family. Established 78 yrs. ago by Mr. Henry 
Bamford and his eldest son, Mr. Samuel B. Bam- 
ford, the business has been progressively built up 
until now the name “Bamford” is a household 
word amongst agriculturists, and their products are 
sent to practically every country in the world. The 
present directors are H. B. and C. J. Bamford of the 
third generation and H. V., R. H., J. G. and R. C. 
Bamford of the fourth generation of the family. 
The business was converted into a limited liability 
company in 1916, but this did not involve any 
change in the management. The relations between 
the directors, staff and workpeople have always been 
of an intimate and cordial character and many of 
the employees have been with the company for well 
over half a century and this co-operation has 
achieved remarkable results in the way of produc- 
tion. An example of this was that despite the de- 
pletion of personnel during the war, the company 
maintained the production of agricultural machin- 
ery so vital to the nation at that time, and also 
made a notable contribution to the war effort by 
making over a million gauges and other essential 
parts calling for high engineering skill and accuracy. 


Foundry 

An ever-present requirement of the Bamford 
Foundry is flexibility to meet the changing require- 
ments of agricultural-implement design as well as 
the seasonal nature of some of the production. 
Thus, mechanization is on a limited scale, though 
there is a modern Pneulec sand-preparing plant; an 


Fic. 8.—Coremaking on both Sides of a“Moving ven band Conveyor at the Foundry of Bamfords, Limited, 
. ttoxeter. 
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Fic. 9.—Part of the Melting Plant at Bamfords, 
Limited, showing the Automatic Vertical Charg- 
ing Hoist, placed between Two Cupolas. 


August’s Mill for core-sand; a battery of moulding 
machines and Royer machines for reconditioning 
fioor sand. A steel-band conveyor serves the core- 
making benches (Fig. 8) and drying is carried out 
in an Acme vertical continuous stove. 

The melting shop* is equipped with four modern 
cupolas, two of 74 tons per hr. capacity, one of 
three and one of two tons. These are served by 
a mobile vertical skip hoist (Fig. 9). The stock- 
yard is well-laid out, charges being collected from 
the bins in a skip carried from a monorail. It is 
expected that foundrymen visitors will be particu- 
larly interested in this modern cupola layout, which 
requires only three men for operation. 

The fettling shop is well separated from the 
foundry and movement is progressive to the dis- 
patch bay. Both a rotary table and drum-type shot 
blast plants are employed. In one corner of the 
foundry is a non-ferrous section where bearing 
bushes forms the staple production. 

Welfare facilities are catered for by the pro- 
vision of a well-appointed canteen, whilst on the 
sports and social side there is a works’ club for 
indoor recreations, and a magnificent sports ground 
at Oldfields, laid out by the late Mr. John Bamford, 
which has been the venue of many representative 
cricket matches, including those of the Australians 
and other touring teams. 
ae also ““A Modern Melting Plant,” Journat October 


. 10.—Section of One of the Spun Iron Pipe Plants of Stanton Ironworks Company, Ltd., Near Nottingham. 
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In this well equipped and up-to-date works, now 
covering an area of 20 acres, Bamfords have 
specialized chiefly on harvesting and barn machin- 
ery, Whilst some years ago they equipped a special 
section of the factory for manufacturing petrol and 
Diesel engines for farm and industrial use. Among 
hundreds of other prominent awards, on eight occa- 
sions they have been awarded the silver medal of 
the Royal Agricultural Society of England for 
equipment of exceptional merit. 


STANTON IRONWORKS COMPANY, LIMITED 
Stanton Works 


At Stanton Ironworks Company, Limited, Nr. 
Nottingham, the visiting foundrymen will see the 
“spun plants” where centrifugal casting is carried 
out on a large scale. Three plants are in operation, 
producing pipes for gas and water undertakings, in 
all sizes up to and including 27-in. dia. and in 12- 
and 18-ft. lengths. The pipes are spun in water- 
cooled metal moulds, a view of one of the batteries 
of machines being shown in Fig. 10. A total of 
more than 1,000 men are employed on these three 
plants. 

Also to be inspected is the Company’s mecha- 
nized (Erewash) foundry which employs some 300 
personnel, who operate two separate sections under 
the one roof. One section produces component 
parts for the Stanton ‘“ Screwed-Gland” and 
“‘ Bolted-Gland ” flexible joints, and the other sec- 
tion is a new plant producing pipe “ specials” up 
to 27 in. dia. and also tunnel segments. All moulds 
are made on turnover or down-draw machines 
and are rammed by impellor-type machines. 


Holwell Works 


A separate party of Institute members will 
travel to Melton Mowbray to see the Holwell 
works of Stanton Ironworks Company, Limited. 
Approximately 550 men are employed in the foun- 
dry section of these works, which comprises fully- 
mechanized foundries and jobbing shops. The 
former comprise a large continuous-casting plant 
(Fig. 11), where about 270 men are engaged, princi- 
pally, on production of pipe “specials” up to 
9-in. dia. Other products include railway chairs, 
base-plates and wagon brake-blocks for British 
Railways, and component parts for use with the 
Stanton “Screwed-Gland” and “ Bolted-Gland ” 
flexible joints. Another foundry is engaged solely 
in the production of ingot moulds. Here, the 
moulds and cores are rammed by jolter machine, 
and sand-preparation plant is installed. The job- 
bing foundries are engaged on making pipe 
“ specials,” ingot-mould bottom plates, and sundry 
castings, principally for maintenance purposes. 


(To be continued) 


11th-hour Applications. The closing date for receipt 
of applications for participation in the fourth National 
Annual Works Visits Day of the Institute was Tuesday, 
September Ist, but anyone who still wishes to go and 
has not yet applied, is requested to communicate with 
the secretary, Institute of British Foundrymen, St. John 
Street Chambers, Deansgate, ‘Manchester, 3, immedi- 
a“, as there may be a few vacancies left for some of 

e visits. 


Fic. 11.—View in the Holwell Continuous Casting Shop of the Stanton Ironworks’ Piant, near Melton Mowbray. 
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Assessment of Dust Concentrations 


Sampling of airborne dusts is a necessary part 
of the routine control and suppression of dust 
and of the collection of data for correlation with the 
incidence of pneumoconiosis. Instruments designed 
to make assessments of dust concentrations have so 
far depended on the use of relatively few scientific 
principles, such as settling, filtration, washing, im- 
pingement, thermal or electric precipitation, resist- 
ance to fluid flow of a packed bed of the dust, 
obscuration or scattering of light by the suspended 
dust particles, etc. 

Assessments made by these instruments are on the 
basis of mass, on number, or on surface area of 
the particles, and may be made in situ in the dusty 
environment or, more usually, in the laboratory at 
a later stage. Instruments differ, too, in that some 
take a long-term continuous sample to provide an 
average result for the period of sampling, while 
others take a series of snap samples which indicate 
the conditions at particular instants only. 

A recent report* prepared by Mr. G. Broomhead 
and Mr. J. T. Burdekin deals with an investigation 
into the performance of the “Leitz” tyndallo- 
meter, an instrument designed to give numerous 
instantaneous assessments of dust cloud concen- 
trations from measurements made of the amount of 
light scattered by the airborne particles when the 
cloud is illuminated by a standardized light source. 


CALIBRATING 
SCREEN CONTROL 


CARRYING 
HANDLE 


ILLUMINATED 
VERNIER SCALE 
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Fic. 1.—Sectional View of “ Leitz” Tyndallometer. 


ON/OFF SWITCH 


The “ Leitz ” tyndallometer (Fig. 1) consists essen- 
tially of a dust chamber, a means of illumination, a 
photometer head, and an observation telescope. The 
dust chamber, which is lined internally with black 
glass, can be partitioned off from the surroundings 
by means of two sliding panels at the side. The 

encil of light enters the chamber through a small 

window in the front wall, which is at the same time 

the light divider for the photometer. Opposite this 

window the observation telescope projects into the 

chamber. In the chamber, a calibrating screen can 
(Continued foot of next col.) 


* Research Report No. 61, prepared by the Safety in Mines 
Research Establishment and published by the Ministry of Fuel 
and Power. (Price 2s. 6d.) 
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Personal 


Dr. R. GENDERS has been appointed metallurgical 
consultant to the Vanadium Corporation of America. 

Mr. P. C. N. Pickwortu, chief engineer of B. & S, 
Massey, engineers, has been appointed a director of the 
company. 

Dr. S. F. DOREY, C.B.E., D.SC., F.R.S., has been nomi- 
nated by the Council as president of the Institute of 
Metals. 

Mr. Cecit F. Hurst, technical director of Samuel 
Osborn & Company, suppliers of steel, castings, and 
tools, has been appointed deputy-chairman of the 
company. 

After 39 years’ service in the gas industry, Mr. J. 
PaRKER, of Leamington, has retired from the post 
of — Coke Officer of the West Midlands Gas 
Board. 


Mr. G. PICKERING, who has been senior engineer 
surveyor at Liverpool since 1948, has been appointed 
principal surveyor to Lloyd’s Register at the port, in 
succession to the late Mr. T. Pratt. 

Mr. P. H. MUIRHEAD, general manager of the 
Elswick and Scotswood works of Vickers’Armstrongs, 
Limited, Newcastle-upon-Tyne, has left for a month’s 
business tour of Canada and the United States. 

Sir IAN BOLTON, who has been a part-time mem- 
ber of the British Transport Commission since 1947, 
has been reappointed for a further three years from 
October 1. Sir Ian is a director of the Coltness Iron 
Company, Limited. 


THE RT. Hon. R. R. STOKES, M.C., M.P., managing 
director of Ransomes & Rapier, Limited, and Cochran 
& Company, of Annan, both manufacturing engineers, is 
sailing from Southampton in the Queen Mary to-day on 
a business tour in Canada. 


Mr. F. H. Mann, Deputy Senior Electrical Inspector 
of Factories, has been appointed Senior Electrical In- 
spector of Factories and Electrical Adviser to the Home 
Office as from October 1. He will succeed Mr. H. W. 
Swann, who is retiring from the position at the end of 
this month. 

Mr. Ropert L. WALSH, a member of the Cutlery 
Wages Council, has been elected Sheffield’s 318th Master 
Cutler, in succession to Sir Harold West, of Newton 
Chambers. Mr. Walsh, who is 51, is a member of the 
seventh generation of a family of Sheffield cutlers, and 
his great-grandfather, Thomas Champion, was Master 
Cutler in 1882. 


ASSISTANT SECRETARY since 1939, Mr. E. C. HAPPOLD 
has now been appointed secretary of the Engineering and 
Allied Employers’ National Federation. He joined the 
staff of the Federation in 1936 and has been acting secre- 
tary since the death of Mr. A. C. Law. Before joining 
the Engineering and Allied Employers’ National Federa- 
tion, he occupied a number of engineering and produc- 
tion posts with Imperial Chemical Industries, Limited. 

Sir ARCHIBALD Forses, chairman of the Iron and 
Steel Board, commences a four-day visit to Luxem- 
burg to-day. A spokesman of the British delega- 
tion to the High Authority of the European Coal and 
Steel Communjty said on Wednesday that the purpose 
of Sir Archibald’s visit would be to make “ formal 
and social” calls on M. Jean Monnet, the president of 
the High Authority, and other officials of the six- 
nation community. 


be switched in and out of the pencil of light, consist- 
ing of light-absorbing and dispersing media, which 
is also calibrated and is used for adjusting the lamp; 
during the measurement it is switched out. 
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Heat-treatment of Metal and its Fire Hazards* 
By R. W. Oxenbury, F.C.1.1., A.1.A.S. 


Fire and Explosion Hazards 


When considering the fire and explosion hazards 
of heat-treatment processes, first consideration is 
the building itself in which the processes are car- 
ried on. The ideal is a lofty structure of incom- 
bustible construction, preferably built of brick or 
concrete with a metal or asbestos roof on a steel 
framework and a concrete floor. Many large firms 
do their hardening and quenching in a separate 
building, but though this arrangement has every- 
thing to commend it, it is not always practicable. 
In smaller firms, hardening is frequently done in 
the same shop as the metal-working processes, and 
— have their own muffles and quenching 
baths. 

Although high temperatures are attained in fur- 
naces the latter are so well constructed and insu- 
lated that there is very little heat-loss through the 
walls, roof, and hearth, and the risk of fire through 
contact with combustible material is not great. 
The flue, however, needs to be fixed so that there 
is no combustible material within a distance of 3 or 
4 ft. It should be constructed of substantial 
materials, and, especially where gas or oil fuel is 
used, so arranged that no down-draughts can cause 
inflammable waste gases to accumulate. The flue 
needs regular cleaning, and should be provided 
with a door for this purpose. An explosion door is 
also necessary, and the flue dampers should be 
arranged so that they always remain partially open. 
The flue must pass right through the wall or roof 
of the building, and should not be allowed to get 
into a poor state of repair, or sparks and waste 
combustion products might find their way through 
the damaged parts and ignite roof timbers or other 
combustible material in the vicinity. 


Quenching Tanks 


Because of the need for rapid quenching, it is 
usual to find the oil bath very close to the fur- 
nace, so that the hot steel can be plunged into the 
oil with the minimum of delay. Particular care 
should be exercised with oil baths to see that the 
oil is not made so hot as to vaporize. The con- 
tinual and rapid quenching of steel articles in an 
oil bath may raise its temperature until a point is 
reached when the vaporized oil is ignited by a 
piece of hot steel. This is a frequent cause of fires 
in hardening shops, especially where there are low 
timber roof-trusses a few feet from the quenching 
bath. This risk can be minimized by the installa- 
tion of a cooling system in which cold water cir- 
culates through coils in the oil bath itself, or the 
oil can be pumped through an independent cooling 
system. Oils having fairly low flash-points should 
not be used for quenching, and neither should oils 


* This extract is Part V of a Paper read before the Chartered 
Insurance Institute. 


causing abnormal sedimentation, as in time a 
deposit of heavy sludge will settle on the cooling 
coils in the tank, thereby reducing their effective- 
ness. When not in use, oil tanks should be covered 
with metal lids. 


Oil Storage 

When oil fuel is used to heat a furnace, particu- 
lar care and attention is needed in the storage and 
heating arrangements, The oil is usually stored in 
a steel tank, the best position being underground 
in an open yard. If the tank is inside the building 
it should be buried underground in the lowest base- 
ment or cellar and covered with concrete. Any 
storage tank above ground level should be in a 
chamber of brick or concrete provided with a steel 
door and a raised sill of such a height that, if the 
tank should fracture, all the oil would be contained 
in the chamber. Oil-storage tanks on a roof are 
obviously undesirable, but where such a location 
is necessary the best position is on a flat roof of 
concrete. A catch-pit made of incombustible 
material built around the oil tank is always desir- 
able, but, where the roof is not constructed of 
concrete or hollow blocks, a catch-pit, big enough 
to contain all the oil, is essential. 

The storage tank is provided with a fill-pipe termi- 
nating in the open yard and a vent pipe so arranged 
that oil vapour does not enter doors or windows or 
come into contact with chimneys. A sludge cock 
is fitted to draw off any sediment. 

The service tank is usually found near the fur- 
nace itself, and can be filled from the storage tank 
by gravity feed, or by hand or electric pump. 
There should be an overflow pipe to return any 
oil to the storage tank or to a safe place in the 
open. Both service and storage tanks should be 
fitted with fire valves fixed close to the tank and 
arranged to close automatically in the event of fire. 
A fusible link should be set over each firing place 
so that it melts at a temperature not exceeding 
100 deg. C. The fusing of the link by abnormal heat 
will close the fire valve and stop the flow of oil 
to the burners. It cannot be emphasized too 
strongly that strict cleanliness is essential, particu- 
larly in the burners, oil strainers, blowers, and flues. 
Testing by a competent engineer should be carried 
out at least twice a year. 


First Aid 


The best fire appliances for first-aid work are 
buckets of sand and extinguishers of foam, car- 
bon dioxide, or carbon tetrachloride. Dry-powder 
extinguishers are also most effective, especially 
when vapour from oil-quenching tanks ignites, 
provided that they are brought into use immedi- 
ately. Large tanks might require an automatic 
installation of foam or ‘carbon dioxide or the type 
giving a mist or spray of water which forms an 
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Heat-treatment of Metal and its Fire Hazards 


emulsion with the surface layer of oil. It is un- 
usual to find oil-quenching tanks so protected, 
however, so that it is not necessary to go into any 
details here. 

Fire risk from the heating of the actual metal 
in the furnace can arise only in the treatment of 
magnesium and its alloys. When treating this metal 
it is essential to keep the furnace free from scale, 
and the magnesium castings should be clean and 
free from grinding dust and sawings. If the metal 
does ignite, the fire may be extinguished either 
by blowing into the furnace a special free-running 
powder especially designed for smothering fires, or 
by pumping in Phosphon 6, a liquid with a high 
flash-point, without opening the furnace doors. 
Dense fumes will be given off when the liquid 
vaporizes and will extinguish the fire. A slight 
pressure will build up inside the furnace and tend 
to escape through the furnace openings, thus pre- 
venting air from entering. The furnace should not 
be opened up until it is quite cool. 


Salt Baths 


Salt baths, particularly those in which sodium 
nitrite and nitrates of soda and potash are used, 
need very careful attention. These salts are power- 
ful oxidizing substances and should be kept away 
from all combustible matter. For this reason, salt 
baths should if possible be located in a separate 
building of substantial and incombustible construc- 
tion. A brickwork sump built around the bath 
is desirable, so that if the bath should fracture the 
sump will hold all the molten salts. Alternatively, 
a catch-pit in the ground underneath the bath will 
serve the same purpose. When not in use, the bath 
should be provided with a close-fitting metal cover. 

It is necessary to melt the salts slowly and uni- 
formly so as to prevent local overheating. Water 
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must not be allowed to come into contact with the 
molten salts, or an explosion might occur and 
scatter the salts over a wide area, so igniting com- 
bustible material. All articles for immersion in the 
bath must be free from water, oil, and grease. The 
best substance for extinguishing salt-bath fires is 
clean, dry sand. On no account should the same 
bath be used for different types of salt. Cyanide 
salts in contact with nitrates may when hot pro- 
duce a dangerous explosion. 

The special plants for making controlled atmo- 
spheres are usually so well constructed that the 
risk of fire or explosion is not great. Careful hand- 
ling of steel cylinders of compressed or liquid gases 
is necessary. Particular care must, however, be 
exercised when charcoal gas is used, as it will form 
an explosive mixture with air. All air in the fur- 
nace must be driven out before heating begins, or a 
violent explosion may result. 


General Conditions 

If the risk of fire in any industry is to be kept to 
a minimum, cleanliness and good supervision are 
essential. This applies no less to heat-treatment 
processes than to any others, and regular testing, 
cleaning, and maintenance of plant should be the 
rule in every factory and workshop. That impor- 
tant strides are still being made is shown by the 
fact that controlled atmospheres for protecting 
metal during heating have become general only 
during the last 20 yrs. One of the latest develop- 
ments is high-frequency heating, and the time may 
not be far distant when the use of atomic energy 
will alter all present ideas on the subject. In the 
meantime it is necessary to keep in touch with the 
most up-to-date methods of fire extinguishment, 
and it is encouraging to know that constant re- 
search is being carried out by the fire-insurance 
companies and other bodies interested in fire 
prevention. 


New Catalogues 


Precision Castings. A four-page leaflet issued by 
Deloro Stellite Limited, Highlands Road, Shirley, 
Birmingham, deals with the development of components 
using the precision-investment casting process and 
Stellite as the alloy melted. It so happens that this 
material lends itself particularly well to such manu- 
facturing methods. 

Light-alloy Sand Castings and Die-castings. H. J. 
Maybrey and Company, Limited, of Worsley Bridge 
Road, London, S.E.26, prepared for distribution from 
their stand at Olympia a folder carrying impressive 
pictures taken from the wide range of castings which 
they make both by the sand and die-casting processes. 
Space has been allocated to the listing of the specifica- 
tions normally used, the minimum mechanical properties 
given and the purposes for which the alloys are 
employed. 


Sawdust Removal. A four-page leaflet from the 
Standard and Pochin Bros., Limited, of Evington Valley 
Road, Leicester deals not only with the removal of 
sawdust from pattern making machinery, but takes the 
subject further to include its use as a fuel for boilers or 
destructors. It is mechanically stoked and the appa- 
ratus can be fixed to existing boilers. This leaflet is 


available to readers on writing to Leicester and in 
addition several catalogues are issued by the firm, 
dealing with various phases of ventilating, by means 
of fans and roofing devices. 

Investment Materials. The Monsanto Chemicals 
Limited, Victoria Station House, London, S.W.1, have 
just issued a very well produced brochure carrying the 
caption “Monsanto Silesters.” By a series of illustra- 
tions it shows the making by the investment process 
of a casting and modification for the making of piece 
moulds. The final section is devoted to permanent 
ceramic moulds—a subject which has in recent times 
received renewed interest. This catalogue is available 
to readers on writing to Victoria Station House. 


Hydraulic Loaders. E. Boydell and Company, 
Limited, Elsinore Road, Old Trafford, Manchester, 16, 
have sent us a catalogue covering the Muir-Hill LH/1 
loader. Generally speaking, this machine is a small, 
petrol-driven pneumatic-tyred truck carrying before it 
a hydraulically operated bucket which is designed to 
fill itself at floor level with such material as sand or 
rubbish and then in a new position completely empty 
itself. For providing a system of shifting material 
about a foundry, this type of machine has much to 
commend it. The catalogue is available to readers on 


writing to Old Trafford. 
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Inter-relation of Combustion and 
Metallurgical Reactions in the Cupola’ 


By D. 


Fleming 


(Continued from page 357) 


Zone III Reactions 


Fig. 12 shows the variation with temperature of 
the free-energy change accompanying the conver- 
sion of one gram. molecule of oxygen, at one-atmos- 
phere pressure, into the appropriate quantity of 
oxide. It also shows the CO:CO, ratio in equili- 
brium with the element and its oxide at a given 
temperature®. The curves for the oxides of carbon, 
iron, silicon, manganese and phosphorus have been 
reproduced. As an example of the use of these 
curves, the reaction 2FeO->2Fe+O, at 1,190 deg. 
C. can be taken, when it will be found that the 
value of the CO:CO. ratio, in equilibrium with both 
oxide and metal at this temperature, lies between 
1:1 and 10:1 and, by interpolation on a logarithmic 
basis, the actual value is found to be CO:CO.= 
2.7:1. Values of CO:CO, greater than 2.7 would 
thus cause reduction of the oxide, whilst those of 
less than 2.7 would cause oxidation of further iron. 
It also becomes immediately apparent that, with 
ratios of CO:CO, of 10:1 or over, FeO would be 
reduced rather than Fe oxidized at temperatures as 
high even as 1,800 deg. C. Now it is known that 
CO:CO. ratios much higher than these can be 
achieved in this area of the cupola, so that reduc- 


*Paper presented to the Institute of British Foundrymen 
at their fiftieth annual meeting. The Author is metallurgist 
and foundry technician, Textile Machinery Makers Limited. 


3 
° : 


tion will take place, and, as higher temperatures will 
increase the CO:CO., ratio faster than they increase 
the ratio required for reduction, the higher the 
temperature, the greater the energy in favour of 
reduction will become, and the more efficient the 
process. 

One can similarly see that the reduction of manga- 
nese 2 MnO->2Mn+O. is more difficult than that 
of iron, for, at 1,800 deg. C., this reaction would not 
take place by reduction by CO, i.e.:— 

2 MnO->2 Mn+O, 
Add O.+2CO-52CO. 

2 MnO +2CO-52Mn+2CO, 
even at a CO:CO. ratio of 10°:1, in fact, further 
oxidation would occur at these values. With a 
CO:CO, ratio of 10*:1, however, reduction would 
occur at temperatures above some 1,360 deg. C., 
and at the same order of CO:CO. ratio, reduction 
by the complementary oxidation of carbon, 
2C + O.->2CO, would become possible at a tempera- 
ture of about 1,420 deg. C., viz.:—  . 
2 MnO-52 Mn+O, 
Add 0.+2C-2CO 

2 MnO +2C-52 Mn+2CO 

It can also be seen that the reduction of silicon 
from silica, SiO.>Si+O, is possible, with the con- 
version of carbon to carbon monoxide 2C+ 
O.—2CO, at temperatures above 1,540 deg. C. and 
CO:CO, ratios of approximately (1.8 x 10*):1, 


a L whereas reduction by the comple- 
io 


mentary oxidation of CO to CO, 
~ a would require a CO:CO. ratio 
a r | a of over 10°:1 at 1,300 deg. C., 
cy | | p=, or 10*:1 at 1,620 deg. C., etc., 
et T the necessary CO:CO, ratio 
diminishing with increasing tem- 
<e = perature, whilst, as is already 
be known, the achievable CO:CO, 
J a” ratio increases with temperature. 
x ZA = Summarizing the reactions for 
ADS At 2 iron, manganese, and silicon, in 
the cupola hearth, it is found that 
0t Ii three can be reducing under 
8 possible cupola conditions; that 
: the reduction becomes progres- 
Fic. 12.—Variation with Tempera- 
180 ture of the Free-energy Change 
1 = accompanying the Conversion 
| | 19" of One Gram. Molecule of 
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Reactions in the Cupola 


sively more difficult, in the order in which they are 
named, and that the degree of reduction is favoured 
by increasing hearth temperatures. Now, inthe cupola, 
metal, slag, and hearth temperatures increase with 
increasing carbon:iron ratios, which also increase 
the CO:CO. ratio in the effluent gases, as has been 
shown earlier, so that the degree to which hearth 
reduction offsets previous oxidation (which has also 
been shown to increase in the other cupola zones as 
the CO:CO, ratio of the effluent gases decreases) 
will vary in such a way that CO:CO. ratio in the 
effluent gases* can be used as an index of melting 
losses, and metallurgical, as opposed to thermal, 
efficiency—high CO:CO, ratios meaning low melt- 
ing loss, and vice versa, whilst, as is well known, 
overall thermal efficiency varies in just the opposite 
direction. 

Even for the case of fairly tolerant conditions, 
this should give pause to those whose fetish is lower 
and lower coke consumption, in case the economic 
losses occurring in melting overtake the saving 
gained by coke reduction, but the case can be taken 
further than this in certain conditions where the 
output required is a soft grey iron. 

The conditions cited are those where the economic 
costs of a mixture based on cast-iron scrap, steel 
scrap, returns, and ferro-alloys are well below the 
cost of a conventional mixture. Why in these cases 
is pig-iron used? Is it not fundamentally as a 
source of high-carbon, low-sulphur material to off- 
set the limitations of the conventional acid cupola, 
in which the soft irons tend to lose carbon and gain 
sulphur? If melting losses could be minimized, and 
simultaneously carbon and sulphur could be con- 
trolled, would not an entirely different approach be 
made to the whole subject of economic cupola 
operation? 


Desulphurization 


Little can be done about sulphur control, in the 
true sense, in an acid-lined cupola, and though 
various opinions are expressed about the use of 
fairly high limestone additions in acid cupolas, the 
only effect on which opinion is fairly unanimous 
is a decided increase in lining wear. If, however, 
the neutralizing effect of the acid lining is removed 
and truly basic slags are operated, then it has been 
shown by many workers that low-sulphur irons can 
be produced consistently; the work of E. S. 
Renshaw’ being, perhaps, the best known in this 
country. 

The mechanism of desulphurization works in two 
ways (Rocca, Grant and Chipman)’ :— 

(i) The slag dissolves the metallic sulphide from 
the metal until the amount of this sulphide in 
the slag is in equilibrium with the amount in the 
metal, e.g., FeS(metal)=——FeS(slag). 

(ii) The metallic sulphide reacts with lime in 


*As it has been shown that this ratio depends on the 
temperature TR, the usefulness of the pyrometric control 
method put forward by R. I. Taylor is theoretically confirmed, 
anil the factors cited, which cause variation between Tr 
and the gas phase temperatures, can be considered in relation 
to this device.” 
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the slag to produce calcium sulphide and iron 

oxide, e.g., FeS +CaO—FeO+CaS. 

Stage (ii) can only operate effectively in slags 
having excess lime (CaO) available and in which 
only low percentages of iron oxide already exist. 
Fig. 13, from data of Rocca, Grant and Chipman, 
shows this admirably. 

It has also been shown that, for consistent prac- 
tical results, an adequate slag depth and volume 
are required, and, obviously, consistent temperature, 
fluidity, and slag composition and depth, are re- 
quired. Some technicians say that high tempera- 
ture is not necessary in itself, and others comment 
on greater efficiency with high rather than low 
coke-ratios, and it is felt that both these factors are, 
in fact, linked with the need for low FeO content in 
the slag which Fig. 13 shows is required, and which, 
as previously noted, is favoured by high tempera- 
ture resulting from high coke-ratios. Most work 
has been done in basic-lined cupolas, but it is sug- 
gested that the most economic approach to the 
problem, and one which removes the uncertainty 
caused by variable interference of material from the 
lining, is the water-cooled cupola. 


The subject of desulphurization cannot be left 
without reference to work’® showing that additions 
of calcium carbide to the bed coke, and/or charge 
coke, materially assist in the production of iron of 
low-sulphur content from basically-operated cupolas. 


Carbon Control 


Turning now to carbon control, it has also been 
shown by various authorities *° ** using basic 
cupolas that higher carbon pick-up can be obtained 
more easily in cupolas operating with basic slags, 
and it is believed that this is due to the more rapid 
removal of the ash network, which is acid in 
character, by the basic slag, thus keeping the car- 
bon surface active and available. It is also sug- 
gested that the non-wetting character of basic slags 
with respect to coke assists in this direction. A 
cupola operating with a controlled basic slag is 
therefore an admirable medium for use where high 
carbon pick-up is desired. The extent of pick-up 
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Fic. 13.—Effect of Slag Composition on Desulphurize- 
tion (after Rocca, Grant and Chipman). 
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achieved, and hence the final carbon content of the 
melt, will depend on (1) the original carbon in the 
charge; (2) the temperature of the melt; (3) the 
iron-oxide content of the slag; with (2) and (3) link- 
ing with (4) the iron coke ratio; (5) the coke-ash 
percentage and coke type; (6) the basicity of the 
slag; (7) the extent of the free-oxygen zones in the 
tuyere areas and (8) the blast temperature. Whilst 
this may appear to be a formidable list of variables 
for effective control, it will be seen that, on a steady 
running plant with a given type of charge, most of 
them can be made effective constants. 


Ideal Melting Conditions 


In summarizing the ideal cupola conditions for 
the melting of soft grey irons the following require- 
ments are now postulated :— 

(a) The minimum loss in melting of iron, car- 
bon, silicon, and manganese. 

(b) The ability to produce high-carbon iron, 
at a controlled level, from medium- or low- 
carbon charges. 

(c) The ability to produce low-sulphur iron, at 
a controlled maximum level, from high- or 
medium-sulphur charges. 

From these it can be concluded that :— 

{i) The furnace will have to run with a high 
reaction temperature T,. 

(ii) The reaction zones, especially the free- 
oxygen zone, will have to be physically small and 
yet produce very high temperatures to ensure very 
hot metal. 

(iii) The slag will have to be sufficiently basic 
to assist the desulphurizing reactions and carbon 
pick-up, though the lower the FeO content, the 
less basic need the slag be. 

(iv) The slag must depend on materials charged 
only, i.e., coke ash and fluxes and must not be 
contaminated erratically by lining material. 

(v) The slag depth must be constant, to ensure 
constancy of metal/slag, slag/coke’ reactions. 

It is contended, on a basis of the data produced, 
that requirement @ can be met by the use of high 
coke ratios, but that it will be met much more 
economically by fairly high coke ratios coupled with 
hot-blast operation, the rich top gas being used in 
a recuperative system to heat the blast, thus im- 
proving the thermal efficiency, and simultaneously 
reducing the coke percentage necessary to achieve 
a given reaction temperature T,, and, also at the 
same time, offering the simplest solution to require- 
ment (ii), the production of reaction zones of very 
high temperature and zones of minimum free- 
oxygen. It would appear that efficiency in this 
direction will rise with increasing blast temperature, 
and the latter should be as high as present prac- 
tical and economic recuperator design allows, other- 
wise coke ratios will still remain quite high, and 
thermal efficiency will suffer. 

Requirement (iii) is a matter of charge calcula- 
tion only, if (iv) is met. It is contended that this 
can be met fully by the use of complete water- 
cooling in the whole of the melting zone and tuyere 
zone, the tuyeres, themselves, being cooled also to 
enable them to withstand the temperatures re- 
quired. To this should be coupled the use, in the 


FOUNDRY TRADE JOURNAL 


403 


well section, of a refractory incorporating graphitic 
material. 

Requirement (v) is met by the use of continuous 
tapping through a syphon box, the slag depth being 
determined by the height of the external metal dam 
above the furnace tap-hole in the usual manner for 
such systems, and both metal and overflow slag 
being continuously and simultaneously removed and 


separated. 
Conclusion 


In conclusion, it is believed that the future of the 
cupola for quantity melting of soft grey irons lies 
in development along the lines suggested, and that 
it is in the field of metallurgical economics so 
opened up—where such irons can be produced using 
low-grade scrap iron, steel scrap, and ferro-alloys, 
as the only metallic raw materials, subjecting these 
to controlled metallurgical treatment—that the full 
application of hot-blast systems will be justified, 
rather than in the struggle to outweigh the high 
capital cost of such plant by the saving effected in 
coke on a normal cupola. 

Finally the Author would like to thank the 
directors of Textile Machinery Makers, Limited, for 
permission to present this Paper, which arose from 
a review of results obtained by previous workers, 
and investigations now in progress on their behalf. 
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DISCUSSION 


Opening the discussion, Mr. J. L. FRANCIS con- 
gratulated Mr. Fleming, saying he had made a 
thorough investigation of some of the variables 
affecting combustion and slag reactions in the 
cupola melting of cast iron. In order that they 
might take full advantage of such Papers as Mr. 
Fleming’s it seemed to him that cupolas must be 
run under better control and on sounder engineer- 
ing lines than at present in many cases. No engi- 
neer would dream of running a boiler without a 
water gauge and a pressure gauge, or would he have 
the fire-box in such a state that air could enter 
at random. Many cupolas were run under such 
conditions, except that air leaked outwards rather 
than inwards. Although things were constantly 
improying in foundries, there still was much slip- 
shod practice and improvization of cupolas. 

He was very pleased to see that Mr. Fleming had 
established on a factual basis a number of features 
which had previously been expressed mostly as 
opinions. Among these might be listed :—The 
importance of high reaction temperature and its 
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influence towards low iron-oxide production and 
the narrowing of the oxidation zone; the need for 
constant flushing away of coke ash from the fuel 
in order to increase the speed of combustion; the 
rate of carbon absorption, and the rate of the oxide 
reduction, as well as the advantages of maintaining 
an adequate and fluid slag blanket in the well of 
the cupola so that gas movement might be at a 
minimum and the high ratio of CO to CO, 
maintained. 

Presumably, therefore, the production of a suit- 
able slag as nearly as possible in the melting cam- 
paign was desirable and fluxing of the top layers 
of the coke bed would seem to be thoroughly justi- 
fied. He asked Mr. Fleming if by efficient water- 
cooling at the tuyeres and melting zone it would 
be possible to run a sufficiently-basic slag to obtain 
desulphurization and at the same time employ 
normal acid lining refractories? He had in mind 
that perhaps the temperature of such acid refrac- 
tories could be kept low enough to avoid serious 
reaction with the basic slag. 


Charge Weight and Coke Bed 


While variation in air volume and iron to carbon 
ratios on the operation of the cupola were dealt 
with in the Paper, no consideration had been given 
to the charge weight or height of coke bed. Surely 
these factors must be relevant. He understood that 
the study which Mr. Fleming had given them was 
really only the first phase of a more extended one, 
so perhaps he had been a little previous in criticizing 
it in that way. In that respect the practice employed 
by the German authors mentioned at the beginning 
of the paper, Jiingbluth and Korschan, for an 
experimental cupola seemed to be open to some 
comment. For a cupola of 214 in. dia. (lined) an 
iron charge of 660 Ib. was excessive. Normally, it 
would be 300 lb.—less than half. During melting 
of such a heavy charge there would be an excessive 
lowering of the bed coke. 

Mr. FLEMING agreed with Mr. Francis generally. 
He thought it was high time the cupola was regarded 
more as an engineering proposition than it had been 
hitherto, and suggested that some Continental 
founders at any rate were carrying that to a very 
advanced degree. It had always been an early 
tradition that the “ know how” of cupolas had been 
a British affair and Lancashire in particular was 
famed for men who had the “ knack” of making 
the cupola perform properly, but, as the subject 
had become more technical, foundrymen were 
losing that mastery to technical men who were 
prepared to put instruments on to their cupolas and 
treat them as highly-complicated apparatus. 

As to whether it was possible to run a sufficiently 
basic slag with an acid lining—meaning an entirely 
normal acid lining—his answer, after due considera- 
tion, would be in the negative. It was desirable, to 
get effective slag reaction, to have a fluid and hot 
slag and he feared such a slag would attack an acid 
lining as normally constituted. There was one pro- 
vision, however, that the material for the lining 
might be acid in character, but mixed with some 
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50 per cent. or so of graphite material then he 
would agree wholeheartedly that Mr. Francis’ idea 
would be feasible. The type of lining materials 
which he thought would become most popular on 
cupolas where slag control was operated in practice 
were of a type which, while having a siliceous base, 
could almost be regarded as neutral linings due to 
the addition of graphitic material, and would serve 
with either basic or acid slags. 

With regard to charge weight, Fig. 1 covered a 
large number of iron:carbon ratios, so that the 
ratio of iron to carbon charged had to embrace very 
wide limits, as members had no doubt realized. 
He presumed it had been realized that the unit 
charge weight of the metal was held constant— 
though he personally preferred to regard the coke 
weight as the constant and the metal charge as the 
variable. In that respect, he remained orthodox 
and had no quarrel with the coke constant com- 
puted to occupy some 6 in. or so of depth in the 
cupola shaft. 


Starting v. Running Conditions 


On the height of the coke bed, the only com- 
ment he would make was that the initial coke bed 
would have to be high enough to allow it to settle 
early in the “blow” to the operating level. He 
had implied in, the whole of the Paper and in deal- 
ing with the combustion reaction, that the running 
coke bed height, when the cupola had become 
established, was not determined by what was put 
on in the first place: it was a function of the air 
volume and the type of coke being used (whether 
small or large coke), the temperature of the blast, 
and other variables which affected the bed. It was 
not directly determined by the air volume. but by 
the same factors which were cited in the Paper as 
fixing the melting-zone and the reduction-zone 
shape. However, he did not wish to imply that he 
regarded control of air volume, air velocities in the 
tuyere or tuyere size as unimportant. He had 


attacked the classical methods of calculating air’ 


volumes, but, obviously, one could not put in a half- 
ton block of metal at the top and melt it as it passed 
through a shallow melting and reduction zone and 
expect to get hot metal at the bottom. He believed 
there was a relationship between the rate of heat 
production in the melting zone, the size of the metal 
pieces used and the rate at which the coke level was 
falling due to the speed of combustion, which had 
to be re-examined, so that founders had a more 
sound basis on which to calculate air volumes. 

He paid tribute in that respect to a previous 
Paper, by Cyzewski, on the optimum blast volume 
for cupola practice, where an attempt was made to 
calculate the correct air volume on the basis of the 
time it took to melt a piece of iron of a given size 
and the distance it travelled down the cupola whilst 
melting. It would follow that during that melting 
time it must be melted and superheated within the 
distance available or low temperature would result. 


Application to Every-day Practice 


Mr. HuGuHEs said Mr. Fleming had put a great 
deal of research effort into the Paper and he was 
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being very modest indeed when he said it contained 
no new work. It was a concise compilation and 
founders were able to see the whole matter in truer 
perspective. 

It was further suggested that the work, which no 
doubt had its fullest value to the research worker, 
also had value for the cupola operator by reason of 
the importance attached to every-day running. 
However, he thought the conditions which Mr. 
Fleming suggested as necessary were so remote or 
even impossible that the normal method of cal- 
culating air volume was quite good and would con- 
tinue to remain so. The Author had put forward 
suggestions for every-day control, but some would 
be difficult to maintain. One, in particular, related 
to metal size, an important factor in ensuring steady 
cupola operation. All knew that it was outside the 
realm of practicability to ensure and control uni- 
form and regular metal size. 

In connection with carbon control in the basic 
cupola, Mr. Fleming gave various points essential 
or desirable in obtaining carbon pick-up, but the 
speaker suggested that the most important factor 
was the basicity of the slag and if that were correct 
the others would fall into line. 

Another point mentioned by the Author was the 
introduction of caicium carbide. Founders knew 
that the basic-lined cupola was considered more 
expensive in cost than the acid-lined cupola and 
that its main advantage came from desulphurization 
and carbon pick-up. As these could be accom- 
plished reasonably well by normal slag composi- 
tion, the need to add expense to the process should 
be avoided. 


Carbon in the Lining Material 


On page 12 of the preprint, reference was made 
to conditions that might be anticipated in the future 
and with that was mentioned a refractory incor- 
porating graphitic material. The Author seemed 
to indicate that he was using a mixture of graphite 
with one of the normal refractories. On the other 
hand, he might be considering the usefulness of 
graphite itself in its introduction into the lining of 
the cupola and the fact that it was impervious even 
to acid or basic slags. Carbon certainly had a 
useful application, but one of the greatest difficul- 
ties with such refractories, particularly with regard 
to the cupola, lay in repeated heating and cooling. 
Where it was applied under conditions of high tem- 
perature and no fluctuation, then carbon had a very 
useful and long life. He feared its application in 
the cupola would not be so successful. 

Mr. FLEMING thought Mr. Hughes was correct— 
but he was sorry that he was—in that the normal 
method of blast calculation would still continue 
because it was so simple. He contended that the 
cupola was so accommodating that one could make 
drastic mistakes based on wrong premises and still 
get it to work, but improvements were nevertheless 
desirable. 

He thought Mr. Hughes was not quite right about 
metal-size control; he was not suggesting that all 
metal should be charged into the cupola to a care- 
fully graded size. It would be highly desirable, but 
not practical. He suggested that the coke ratio 
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required to melt the metal satisfactorily would 
increase, the more the pieces of metal and the bigger 
they became. 

On carbon control, he had stated a large number 
of variables, but he had also suggested that while 
it might appear a formidable list it would be seen 
that on a steady-running plant, with a given type 
of charge, most of them could be made effective 
constants. He had felt it necessary in his Paper to 
list the whole of the variables, but a running plant 
he agreed the job was really a matter of slag 
control. 

Similarly, the admission of calcium carbide was 
only in the interests of scientific accuracy rather 
than a suggestion that that was the right and best 
method. He did not think it was. Carbon control 
could be effected by slag control, so long as the 
other factors were not allowed to deviate. 


Continuous Cupola 


With regard to the graphitic material to which 
he had referred: there were a number of those 
materials available, but they were all proprietary 
articles containing about 50 per cent. of graphite. 
They stood up well to erosive attack because 
graphite was non-wetting and that protected the rest 
of the refractory, but they did not give quite the 
same trouble with burning that Mr. Hughes expected 
because they were not a wholly carbonaceous 
material. On a running plant of high production 
capacity, which were the ones to which he had 
referred, it was a simple method not to drop the 
cupola completely, but merely to tap out, drain, 
and bank down for the night with a coke charge. 
There might still be difficulty, but (and this applied 
also to quite a large number of his statements) he 
had recently seen a plant with hot blast and full 
water-cooling, and the type of refractory described, 
running on a production basis without any special 
operators, where the variables had been restricted 
and working was largely a matter of slag control. 


Courses in Higher Technology 


Each year the Regional Council for Further Educa- 
tion for the South-West inquires of industry the 
need for special courses at an advanced stage that 
are known to the major industrial concerns in the south- 
west. Local education authorities then attempt to meet 
these requests through their technical colleges when the 
demand for courses appears likely to be adequate to 
warrant the holding of the courses. No hard-and-fast 
rule can be drawn about what constitutes an adequate 
demand, but local education authorities will give very 
careful consideration to a course that is wanted by as 
few as 10 persons. This is part of the service rendered 
by technical colleges to industry and, while education 
committees endeavour to obtain value for money, almost 
all courses of this type are financially aided both by the 
rates and by the Ministry of Education in an endeavour 
to provide the services of the best experts in the country 
at fees that can be met by students. 

The courses (detailed in a bulletin) are all of an 
advanced type planned to assist industry and in practic- 
ally all cases they are provided at the direct request of 
one or more concerns. Details may be obtained from 
Mr. S. F. Trustram, secretary to the Council at 12, Lower 
Castle Street, Bristol, 1. 
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News in Brief 


THE ANNUAL DANCE of Qualcast, Limited, Derby, was 
held at the Assembly Rooms, Derby, on September 11. 


AsouT 400 PEOPLE attended the International Combus- 
tion, Limited’s, swimming club’s gala at the Queen Street 
Baths, Derby. 


THE DISCHARGE of iron ore from the Swedish ship, 
Laidaure, at Sunderland South Docks for the works 
of the Consett Iron Company, Limited, was delayed 
owing to a shortage of wagons. 


Guy Motors, LIMITED, Wolverhampton, have re- 
ceived an order for 55 “ Arab” underfloor-engined bus 
chassis, from the Bombay Electric Supply and Trans- 
port Undertaking, of Bombay. 


REPRESENTED BY 164 FIRMS, Britain was this year the 
largest exhibitor at Yugoslavia’s annual trade fair, 
which was held recently at Zagreb. For the first time, 
Yugoslavia exhibited her own steel and steel products. 


THE SWEDISH. FOUNDRY EMPLOYERS’ ASSOCIATION 
(Sveriges Gjutmastareférbund) held its annual con- 
ference on September 13 and 14. iIt included three tech- 
nical papers—one on hot-blast cupolas—and a works 
visit. 

LitHcows, LIMITED, Port Glasgow, has received an 
order from H. Hogarth & Sons, Glasgow, for a 9,000- 
ton cargo steamer. The propelling machinery will be 


supplied by John G. Kincaid & Company, Limited, 
Greenock. 


Last THURSDAY, agreement was reached between 
employers and the A.E.U. in Bradford that the 
Christmas-holiday period for engineering workers in 
.the city should be. Christmas Day, Boxing Day, and 
Monday, December 28. 


A CONTRACT worth £570,000 has been secured by Ran- 
somes & Rapier, Limited, Ipswich, for the sluice gates 
for the first stage of the Wadi Tharthar irrigation pro- 
ject in Iraq. The main constructional contract has been 
awarded to a German firm. 


AS FROM SEPTEMBER 16, the Ministry of Materials has 
reduced its selling price for tungsten ores of standard 
65 per cent. grade and ordinary quality as follows: 
Wolframite, from 327s. 6d. to 310s.; scheelite, from 
312s. 6d. to 300s., per unit delivered consumers’ works. 


R. B. IRON & STEEL CoMPANy, LIMITED, a new private 
company, was registered on September 7. The directors 
are Mr. John W. R. Roe, director of J. Dudley (Lye), 
Limited, and Roe Bros. (Dudley), Limited, and Mr. 
Richard Bloomer. The secretary is Mr. J. W. R. Rowe. 


RETIRED EMPLOYEES of W. & T. Avery, Limited, were 
given the “ freedom of the works ” at the Soho Foundry, 
Birmingham, last Wednesday, and were able to meet old 
colleagues, see new machines, and renew acquaintance 
with the machines which they used before their retire- 
ment. 


CONCESSIONS to large consumers of electricity in in- 
dustry and commerce, with the object of encouraging 
them to use more power at off-peak periods, are con- 
tained in new tariffs announced by the South-West Scot- 
land Electricity Board, which are due to come into 
operation on October 1. 

Davy & UNITED ENGINEERING COMPANY, LIMITED, 
of Sheffield, have secured contracts valued at £4,000,000 
for rolling-mill equipment for installation in South 
Wales. The contracts have been placed jointly by 
Richard Thomas & Baldwins, Limited, and The Steel 
Company of Wales, Limited. 


INVITATIONS are to be sent shortly to all Scottish 
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manufacturing firms to participate in the Scottish Indus- 
tries Exhibition to be held in the Kelvin Hall, Glasgow, 
from September 2 to 18 next year. The planning stage 
of the exhibition is now complete and already a large 
measure of support has been pledged. 


GarRTon & Kino, Limitep, of Exeter Foundry, 
Exeter, were the hosts at a dinner party held at the 
Imperial Hotel to all members of the staff with 
21 yrs.’ service or more. It was presided over by Mr. 
H. E. E. Holladay, the managing director, who himself 
has attained his “ majority ” with the company. 


OcToBER 7 has been fixed as the date on which the 
Engineering and Allied Employers’ National Federation 
will meet the Confederation of Shipbuilding and Engi- 
neering Unions to reply to the unions’ claim for a 15 
per cent. increase in wages. The Shipbuilding Employers’ 
Federation will meet the unions a week later to reply to 
the parallel claim in the shipbuilding industry. 


A FRESH APPROACH to the Government, urging it to 
consider a scheme for co-ordinating the basic fuel in- 
dustries—coal, electricity, and oil—is to be considered 
by the Scottish Fuel Efficiency Committee. The move 
has been prompted by the report of the Anglo-American 
Productivity Council team which has recommended co- 
ordination as the best means of using Britain’s fuel 
resources. 


THE NEW STEEL PLANT at Lackenby, Middlesbrough, 
of Dorman, Long & Company, Limited, commenced 
production on Saturday. A tilting furnace, claimed to be 
the largest in Europe, with a capacity of 360 tons, and 
a big mixer of 600 tons capacity, were brought into pro- 
duction. This week a second furnace was due to be 
lit, and later two more furnaces and a second mixer will 
come into action. 


THE MINISTER OF SUPPLY has removed restrictions on 
the use of molybdenum in alloy steels as from Septem- 
ber 21. Arrangements for economizing in the use of 
nickel and molybdenum in alloy steels were brought 
fully into operation in June, 1952, following consulta- 
tions between the Minister, alloy-steel makers, and the 
main consumers. Restrictions on the use of nickel in 
alloy steels will remain for the time being. 


Mr. FREDERICK GRANT, Q.C., was appointed indepen- 
dent chairman of the British Iron and Steel Federation 
last week. He succeeds Sir Andrew Duncan, who 
died 18 months ago. Among the tasks of Mr. Grant, 
who is not well known in the industry, will be those of 
guiding it under denationalization; steering the second 
five-year plan for a production of 20 million tons by 
1957, and aligning it with the Schuman Plan. 


A REFRESHER COURSE for works and plant engineers 
is currently being held at Brasenose College, Oxford 
(September 21 to 25). The gpening address was given 
by Rear Admiral Sir Sydney Frew, chief fuel engineer 
of the Ministry of Fuel and Power. The course has 
been designed to provide engineers in industry respon- 
sible for fuel utilization with an opportunity to bring 
themselves up to date in fuel efficiency technique. 


THE FIRST PRODUCTIVITY COMMITTEE to be set up in 
the West Midlands under the plan sponsored by the 
British Productivity Council is to serve the area of Tip- 
ton, Dudley, Brierley Hill and Stourbridge. The chair- 
man of the committee is Mr. H. C. Davies, assistant 
general manager, Midland section, of Richard Thomas 
& Baldwins, Limited, and the secretary is Mr. A. J. Burns, 
head of the department of production engineering and 
engineering trades at Dudley and Staffordshire Technical 
College. 


THE VALUE ofan: “ eyeable ” product was stressed by 
(Continued on page 408) 
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Resolite-bonded cores... 
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Photographs by courtesy of Messrs: Tangyes Ltd., Smethwick, Birmingham 


However intricate, of whatever size, sandcores made with ‘ Resolite’ 400 
maintain their complete freedom from stickiness, their remarkable stripping and 
knock-out properties. During mixing there is no frictional heat and no drying out 
occurs on the bench; excellent results are obtained with core blowing machinery 
and stoving times are reduced by as much as one half. Smooth, well finished 
‘Resolite’ bonded sandcores are progressively increasing output and reducing 
foundry costs. 


Foundry managers are invited to write for 
full technical information and trial samples. 


Aero Research Limited 


A Ciba Company Duxford Cambridge Telephone : Sawston 187 
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News in Brief 


(Continued from page 406) 

the Midland industrialist Mr. A. G. B. Owen, chair- 
man of Rubery Owen and Company, Limited, when 
speaking at Brierley Hill on September 14. ‘“ We have 
found that an article, however workmanlike and sound, 
will not sell if it does not appeal in appearance to the 
public,” he said. “If we are to increase our sales to 
dollar countries, we shall have to consider more and 
more the appearance of our goods.” 

STEAM LOCOMOTIVES on British Railways are stated 
to be running more trouble-free miles than ever before. 
The latest statistics available, for the four weeks to 
June 13, show that the average mileage run between 
mechanical failures was 32,878, as compared with 19,174 
for the corresponding period in 1949; 20,365 in 1950; 
26,319 in 1951, and 32,183 in 1952. The improvement 
is attributed to the introduction of the standard examina- 
tion system throughout British Railways. 

AN AGREEMENT has been reached subject to the com- 
pletion of formalities for the acquisition by Tube Invest- 
ments, Limited. of W. H. A. Robertson & Company, 
Limited. W.H. A. Robertson & Company, with works 
at Bedford, specialize in the design and manufacture of 
rolling mills for all metals in hot and cold state, ancil- 
lary rolling mill machinery, wire-drawing machinery, 
tube-manufacturing machinery, threading equipment and 
general engineering components. Like all Tube Invest- 
ments subsidiary companies, Robertsons will continue 
to operate as a separate entity. 

VICKERS-ARMSTRONGS REORGANIZATION has now 
been taken a stage further by the appointment of Mr. 
G. R. EDWARDs, C.B.E., aS managing director of the 
Aircraft Division, comprising Weybridge and Super- 
marine Works. Mr. T. GAMMON, 0.B.E., takes over the 
office of general manager of that Division. In Decem- 
ber, within the Engineering Division, Mr. W. D. 
OPHER is to become general manager of the Elswick, 
Scotswood, Wakefield and Chertsey Works, and Mr. 
J. R. KELLY general manager of Crayford and Dart- 
ford Works and in charge of the Whitehead torpedo 
works in place of Mr. W. D. Opher. 

THE LATEST FIRM TO EXPAND in Bathgate, West 
Lothian’s “ steel town,” where more men work in foun- 
dries than in any other industry, is the North British 
Steel Foundry. Mr. Ian Menzies, one of the two 
brothers who run the concern, tells our local corre- 
spondent that a new melting shop is being erected. It 
will house the latest type of equipment, including a 
cupola of Belgian design, the first of its kind in 
Britain, which will increase the output of metal cast- 
ings from 100 to 150 tons per week. The North 
British Steel Foundry is one of the few Scottish firms 
exporting castings to the United States. 

IT HAS BEEN DECIDED to wind up the national scrap 
metal drive at the end of this year. Announcing this, 
Mr. Hugh B. McKee, president of the National Federa- 
tion of Scrap Iron, Steel and Metal Merchants, which, 
with the British Iron and Steel Federation, has been 
jointly responsible for the campaign, says that intensive 
efforts cannot be maintained. The drive, which has 
been pursued in its present form since June, 1948, has 
been worth while, according to Mr. McKee, who points 
out that a period must be allowed for further accumu- 
lation of scrap. The recovery of destructor scrap is to 
be continued, and, if possible, extended. 

KinG GEORGE VI MEMORIAL FELLOWSHIPS are being 
sponsored by the English-Speaking Union of the United 
States to enable British men and women, aged between 
17 and 29, to continue their scientific and technical 
education in American institutions. For the academic 
year 1954-55 up to 25 fellowships, each valued at $2,500, 
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will be awarded to graduates of universities and students 
of technical colleges in Britain. Selection of candidates 
will be by a committee with headquarters at 37, Charles 
Street, London, W.1. Application forms and full parti- 
culars can be obtained from Mrs. D. R. Dalton, King 
George VI Memorial Fellowships Committee, at that 
address. Completed forms with supporting documents 
must be returned not later than November 14. 


A REPORT FROM THE ORGANIZERS States that the 19th 
Engineering, Marine & Welding Exhibition and Chemi- 
cal Plant Exhibition, which closed on September 17, 
attracted 50 per cent. more visitors than that pre- 
viously held two years ago. As a very high proportion 
of the visitors were either potential purchasers or per- 
sons directly connected with the engineering industry, 
this very large increase was most encouraging, and 
reports from exhibitors indicated that the majority 
were more than satisfied at the number of serious en- 
quiries received. Many visitors remarked that it was 
the finest display of engineering equipment which they 
had ever seen, and, in particular, the Chemical Plant 
exhibition, which was held for the first time, was 
acclaimed a great success. 


INTERESTING HISTORICAL DOCUMENTS relating to the 
sale of the Bradley Works of John Wilkinson, “ the 
father of the South Staffordshire iron trade,” have 
been presented to Bilston Historical Society by an 
anonymous donor. Mr. J. S. Roper, secretary of the 
Society, believes that the papers, which. were not 
known to be extant, will completely change previous 
conceptions of the extent of Wilkinson’s ironworks 
near the town. One of the documents is a tattered 
sale catalogue containing a map, showing the Birming- 
ham canal, which carried much of the ore to Wilkin- 
son’s works, and on which he launched the first iron 
boat. The papers indicate the exact house where 
Wilkinson and his family lived. Also shown are fur- 
naces, forges, and the houses of Wilkinson’s workmen. 


REGIONAL OFFICES of the Board of Trade and the 
Ministry of Supply for the London and South-Eastern, 
Midland, and Southern Regions were combined from 
September 14. The names of the Controllers and the 
addresses are as follow:—London and South-Eastern: 
C. S. Toseland, Cromwell House, Dean Stanley Street, 
London, S.W.1 (until further notice communications 
on Ministry of Supply matters for this Region should 
continue to be addressed to the Controller, Mitre 
House, 177, Regent Street, London, W.1.); Midland 
Region: B. W. T. Kay, C.M.L. Building, Great Charles 
Street, Birmingham, 3; and Southern Region: F. A. 
Swann, Marlborough House, Parkside Road, Reading, 
Berks. In other Regions the Board of Trade and the 
Ministry of Supply will continue to operate inde- 
pendently. 

THE DEATH of John Thomas Dowen (57), of 
Walsall, was caused by high blood pressure and 
simple pneumoconiosis, the deputy borough Coroner 
(Mr. A. H. Gregory) was told at an_ inquest 
at the Manor Hospital last week, and a_ ver- 
dict in accordance with the medical evidence 
was recorded. Dowen, who was employed as a 
moulder by F. H. Lloyd & Company, Limited, was said 
to have been under medical supervision at frequent in- 
tervals since he contracted pneumonia some years ago, 
and had suffered repeated attacks of bronchitis. He 
was advised in November last year to submit himself 
for examination to the Birmingham Silicosis Board. 
He did so and was found to be suffering to a small 
degree from pneumoconiosis and was granted a 20 
per cent. disablement pension. On August 17 he was 
admitted to the Manor Hospital, and he died on Satur- 
day last. 
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Illustration of Supinex ‘‘R"’ in use by courtesy of 


Diecastings Ltd., Birmingham 12. 
AN ENTIRELY NEW TYPE OF BINDER, STARTLING IN ITS 
PERFORMANCE .... FUMES AND GASES GREATLY REDUCED 


LOW PRICE REDUCING YOUR COSTS PER TON OF CORE SAND 
& METa, Developed and manufactured by : 


» BROAD STREET PLACE, LONDON, £.C.2 Telephone: LONdon Wall 7222 


Free working samples gladly supplied on request. 
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Raw Material Markets 
Iron and Steel 


The pig-iron trade is still restricted by the slackness at 
the jobbing foundries. These establishments are not 
taking up anything like their normal quantities of No. 3 
iron, and stocks of this grade are increasing. Makers of 
refined iron are also working at a reduced tempo. On 
the other hand, outputs of hematite and low- and 
medium-phosphorus iron are fully absorbed by the engi- 
neering and speciality foundries, and basic-iron supplies 
are not in excess of the requirements of the steel plants. 

The re-rolling trade is still in the doldrums, chiefly 
because of the lack of foreign business. Continental 
producers of bars and light sections are offering supplies 
at prices below British quotations and, as a result, re- 
rollers have to rely almost exclusively upon home busi- 
ness, which is insufficient to keep the mills in full em- 
ployment. This, in turn, exercises a limiting effect upon 
the demand for semi-finished steel just at a time when 
the steelmakers are in a position to supply bigger ton- 
nages. As rapidly as circumstances permit, imports from 
Western Europe are being curtailed, but in the meantime 
stocks are accumulating and steelmakers find it difficult 
to dispose of defective material. : 

The position in the finished steel trade is still fairly 
strong and the tone of the market is rather more cheer- 
ful. There has been a marked improvement, for in- 
stance, in the sheet trade. Numerous oversea inquiries 
have come to hand and brisk bookings are reported to 
the end of the year. The shortage of steel plates per- 
sists, but German mills are reported to be offering 
marginal tonnages at reduced prices, and this may offer 
an opportunity of temporarily relieving the embarrass- 
ment of the shipbuilders and marine engineers. Heavy 
sections are obtainable with less delay, and the rail mills 
are fully employed, but the pressure for wire products 
has been considerably relaxed of late. 


Non-ferrous Metals 


There was rather an air of depression on the Metal 
Exchange in the middle of last week, but matters im- 
proved somewhat and a rather steadier tone was in 
evidence when business came to an end last Friday. 
In every case the close was above the lowest point 
reached during the week, but, nevertheless, it could 
hardly be stated with conviction that there are clear 
signs of the usual and normal autumn revival in 
trading in metals. The severe falls on Wall Street were 
a contributory factor to the bearish sentiment pre- 
vailing, for in many quarters it is being assumed that 
this weakness on the American stock markets is the 
herald of a general trade recession in the United 
States. Metal prices on the New York Commodity 
Exchange, for the most part, appeared to follow 
London and to take their cue from movements on 
the Metal Exchange. Trading on the other side of the 
Atlantic is moderately active, and in the case of 
copper, at any rate, forward quotations show a back- 
wardation, as in Whittington Avenue. With July and 
August, the main holiday months, out of the way, the 
situation in the States should be improving and busi- 
ness picking up. Demand is certainly quite good, but 
in the case of lead and zinc, at any rate, the position 
is somewhat undermined by pressure of sales in the 
States of foreign metal. 

As a result of last week’s trading in London, copper 
closed with a gain of £5 in the cash position and of 
£3 10s. forward, after a turnover which was only 
moderate in volume. As in earlier weeks, the bulk of 
the business was done in the three months’ position, 
the Continent being in evidence as a buyer. But some 
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demand for early metal was seen and the Government 
broker sold on Friday last 100 tons at £237 10s. This 
price, it should be noted, is equal to approximately 
293 cents per Ib., so that there is, in fact, very little 
difference between New York and London. Where 
copper will ultimately finish up remains to be seen, 
but it is likely to be a long way below the present 
price level. Tin last week fluctuated to some extent, 
but finally closed with little change in cash and a drop 
of £2 in three months. Trading was only moderate. 
Lead was the weakest of all four metals, closing above 
the worst, but with a loss of £3 10s. in September and 
£2 5s. in December, the backwardation coming in to 
£3 5s. Zinc, too, recovered from the lowest to close 
with a loss of 17s. 6d. in September and 30s. in 
December. 

Official metal prices were as follow: — 

CopPer, Standard—Cash: September 17, £232 10s. to 
£235; September 18, £232 10s. to £235; September 21, 
£232 10s. to £235; September 22, £232 10s. to £235; 
September 23, £232 10s. to £236. 

Three Months: September 17, £218 to £218 10s.; 
September 18, £217 to £218; September 21, £219 to 
£219 10s.; September 22, £219 to £219 10s.; September 
23, £219 to £220. 

Tin, Standard—Cash: September 17, £605 to 
£607 10s.; September 18, £605 to £607 10s.; September 
21, £609 to £610; September 22, £610 to £612 10s.; 
September 23, £617 to £618. 

Three Months: September 17, £595 to £597 10s.; 
September 18, £600 to £602 10s.; September. 21, £600 
to £602; September 22, £600 to £602 10s.; September 23, 
£606 to £607 10s. 

Zinc—September: September 17, £68 10s. to £68 15s.; 
September 18, £68 5s. to £68 10s.; September 21, £68 5s. 
to £68 15s.; September 22, £70 to £70 10s.; September 
23, £71 15s. to £72 15s. 

December: September 17, £67 15s. to £68; Sep- 
tember 18, £67 15s. to £68; September 21, £67 to 
£67 10s.; September 22, £67 12s. 6d. to £67 15s.; 
September 23, £68 15s. to £69. 

LEaAD—September: September 17, £89 10s. to £90; 
September 18, £90 17s. 6d. to £91; September 21, £90 
to £90 10s.; September 22, £90 10s. to £90 15s.; Sep- 
tember 23, £92 15s. to £93. 

December: September 17, £86 7s. 6d. to £86 12s. 6d.; 
September 18, £87 15s. to £88; September 21, £86 15s. 
to £87; September 22, £87 5s. to £87 10s.; September 
23, £88 15s. to £89. 


International Foundry Activity 


It is anticipated that nearly 60 members of the Insti- 
tute of British Foundrymen and their ladies are partici- 
pating at the International Foundry Congress this week 
in Paris. A large proportion of these are with the 
organized party, arranged by the Institute, which left 
London on Friday, September’ 18, and will return on 
Sunday, September 27. 

In addition to representatives from most European 
countries, a large contingent of members of the Ameri- 
can Foundrymen’s Society and their ladies are present. 
The first party of Americans arrived in this country on 
August 25, and inspected foundries in the Birmingham 
and London areas. 

A second small party of Americans will arrive in this 
country from the Continent on October 2, and the 
largest party of all will tour various Continental 
countries at the close of the Paris conference, and will 
be in this country from October 24 to 29. This party 
will include the president of the International Commit- 
tee, Mr. L. N. Shannon, and the president, past- 
=" and secretary of the American Foundrymen’s 

ociety. 
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